'I'DM  Self-I’n)jM*lled  ('arrier  has 
U-Har  construction  which  |)t*rmits 
drilling  true  vertical  holes  on 
rugged  terrain.  Wide  crawler  pads 
and  long  ground  contact  give  ex¬ 
ceptional  stability. 


Stable  and  Powerful! 


The  new  Joy  450  Dual  Rotation  Drill  mounted  on  the  sturdy  Joy  TDM  self- 
propelled  carrier  is  the  modern  way  to  mass  produce  blast  holes  economically. 
The  450-DR  drill  is  the  newest  and  fastest  thing  in  percussion  drills.  A  power¬ 
ful  air  motor,  geared  to  the  chuck,  gives  hammer-free  rotation  for  steel  chang¬ 
ing,  and  assists  rifle  bar  rotation  when  the  drilling  gets  tough.  It  can  bottom 
holes  that  other  drills  can’t  finish — and  save  you  money. 

U-Bar  feed  mounting  on  the  TDM  carrier  provides  the  most  stable  arrange¬ 
ment  possible  for  productive  drilling,  and  is  versatile  enough  to  drill  holes  at 
practically  any  angle.  Fast  tramming  and  instant  response  to  the  completely 
automatic  controls  enable  the  TDM  to  move  quickly,  and  set  up  fast. 

Among  414  "  bore  machines,  the  TDM  mounted  450-DR  drill  is  unbeatable 
in  speed,  power,  and  maneuverability.  Competitive  tests  have  proven  it.  For 
complete  information,  write  for  Bulletin  1018-5. 


JOY  CONSTRUCTION  EQUIPMENT  IS  SOLO  AND 
SERVICED  BY  THE  JOY  DISTRIBUTOR  IN  YOUR  AREA 


Joy  Manufacturing  Company 
Olivor  Building,  Pittsburgh  22,  Pa. 

In  Canada:  Joy  Manufacturing  Company 
(Canada)  Limited,  Galt,  Ontario 


Tungsten  Carbide 
Rock  Bits 


Portable 

Compressors 
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Forerunner  of  Progress  in 
Mining,  Quarrying,  Construction 


The  Idaho  Power  Company’s  march  of  progress  along  the 
Snake  River  c-ontinues.  Thirteen  miles  downstream  from  its 
recently  C'ompleted  Brownlee  Dam,  another  hydroelectric 
project,  the  Oxbow  Dam,  is  rapidly  taking  shape.  Although 
recjuiring  smaller  volumes  of  excavation  and  materials  than 
Brownlee,  the  Oxbow  is  an  etjually  notable  project. 

The  swift  Snake  River,  swinging  in  a  giant  loop  around 
a  “hogback”  that  projects  from  the  Oregon  shoreline,  drops 
22  ft.  from  the  upper  end  to  the  lower  end  of  the  loop.  This 
location  has  long  been  recognized  as  one  of  the  best  sites  in 
the  \N'est  for  the  location  of  a  dam. 

Of  interest  to  tunnel-construction  men  is  the  description 
of  the  giant  jumbo  used  at  Oxbow.  The  jumbo,  as  tall  as  a 
four-stor)’  building,  40  ft.  wide  and  just  as  long,  was  de¬ 
signed  and  built  in  the  Boise,  Idaho,  shops  of  Morrison- 
Knudsen  Companv,  Inc. 

\  detailed  report  on  the  construction  and  progress  of 
Oxbow  Dam,  by  Robert  J.  Brown,  Jr.,  start  on  page  39. 

O  •  O 

L.  Don  Leet  c'oncludes  his  article  “Vibrations  from  Con¬ 
struction  Blasting”  in  this  issue.  Part  I,  which  appeared  in 
our  january-Februarv',  U)60,  issue,  was  received  with  much 
interest  and  acclaim.  W’e  feel  sure  the  concluding  chapter, 
starting  on  page  47,  which  treats  of  controlled  initiation  of 
detonators,  elastic  waves,  seismographs,  and  safe  vibration 
limits,  will  be  ecpially  interesting  to  all  users  of  explosives 
in  c-onstruction  work.  The  article,  printtKl  in  book  form, 
\\’ill  be  available  shortlv.  Be  sure  to  write  us  for  vour  free 
copy  of  this  informative  treatise. 
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Views  and  opinions  expressed  by  the  authors  of  articles  in  this  publication 
are  their  own,  and  they  do  not  necessarily  represent  those  of  the  publisher. 


Once  a  year  there  gather  in  Los  .Angeles,  California,  the 
great  of  the  heavy-construction  industry  operators  from 
west  of  the  .Mississippi.  These  men,  known  as  the  Beavers, 
assemble  to  pay  honor  to  a  few  W  estern  construction  men, 
who,  in  the  opinion  of  their  associates,  have  made  outstand¬ 
ing  contributions  to  the  advancement  of  the  heavy-con¬ 
struction  industry. 

For  more  details  of  those  honored,  please  turn  to  page  54. 

«  «  O 

.A  difficult  blasting  job,  made  even  more  difficult  by  changes 
in  rock  structure  caused  by  climatic  changes  and  earth 
movements,  was  the  problem  confronting  the  engineers  in 
charge  of  cxmstruction  of  the  W’arragamba  Dam  in  New 
South  W  ales,  .Australia. 

How  this  problem  was  solved  by  the  use  of  the  Swedish 
“Riktad,”  or  controlled,  method  of  blasting  is  described  in 
an  interesting  article  bv  the  English  journalist,  J.  Crindrod, 
which  starts  on  page  5.5. 

O  «  O 

Remember  the  gremlins,  those  ill-tempered  little  fellows 
who  caused  so  much  trouble  to  aircraft  during  the  war? 
Ilaxe  you  ever  wondered  where  thex'  transferred  their 
mischievous  activities  after  the  cessation  of  hostilities? 

W’ell,  we  can  tell  x  ou.  They  are  now  to  be  found  in  print¬ 
ing  plants  and  editors’  offices. 

Sorrv,  but  in  the  Januarv-Februarx'  issue,  photo  captions 
on  pages  15  and  17  xvere  transposed  in  Dr.  L.  Don  Leet’s 
article  “Vibrations  from  Construction  blasting.” 


DETAILS  OF  NEW  HI-LEEO  THREAD  DESIGN 


Three  times  wider  land,  or  peak 


Increased  radius 


gives  you  all  these  field 


New  HI-LEED  thread  design  makes  wrenching 
unnecessary.  Gardner-Denver  engineers  have  in¬ 
corporated  field-proved  reverse  buttress  design 
into  an  entirely  new  thread  form  that  always  un¬ 
couples  by  hand. 


THE  EXPLOSIVES  ENGINEER 


MARCH-APRIL.  IflfiO 


mm  DRILL  STEEL 

proved  advantages 


you  try  NEW  GARDNER-DENVER  HHW  STEEL 


CUTS  DRILLING  TIME 
ON  EVERY  HOLE  > 


HI-LEED  steel  saves  time  in  adding  rod  .  .  .  and 
ease  of  uncoupling,  without  use  of  wrenches,  helps 
drill  hole  faster. 


DRILLS  MORE  FOOTAGE 
PER  ROD 


HI-LEED  rods  are  designed  to  last  longer  than 
any  other  sectional  steel,  and  the  wide  thread 
peak  assures  maximum  wear. 

Design  details  are  carefully  engineered  to  elimi¬ 
nate  much  of  the  usual  friction  and  stress  con¬ 
centrations.  Carburizing  and  shot-peening  give  the 
steel  a  hard  surface  and  tough  inner  core. 


SENDS  MORE  IMPACT 
TO  THE  BIT 


HI-LEED  sectional  steel  transmits  drill  impact 
almost  as  well  as  a  solid  rod.  That’s  because  pre¬ 
cision-milled  threads  on  rod  and  coupling  are  in 
close  contact  over  a  large  total  area,  thus  holding 
rod  ends  firmly  together. 


PREVENTS  LOST  HOLES 


New  HI-LEED  design  keeps  mating  parts  snug— 
rods  won’t  uncouple  in  the  hole  or  while  pulling 
out.  Other  thread  forms  may  not  hold  a  tight 
connection  and  many  rod  strings  have  been  lost  in 
the  hole  while  pulling  out  with  rotation  on. 


Drillers  who  have  used  this  unique  and  revolutionary  Gardner-Denver  thread  de¬ 
sign  are  enthusiastic  about  its  convenience  and  economy.  Give  it  a  try  on  your  own 
rock  drills — you’ll  soon  see  why.  Call  your  Gardner-Denver  drill  steel  specialist,  or 
write  for  new  bulletin  on  HI-LEED  steel. 


EQUIPMENT  TODAY  FOR  THE  CHALLENGE  OF  TOMORROW 


Gardn*r-D«nver  Company,  Quincy,  lllinoit 

In  Canada:  Cardnor-Donvor  Company  (Canada),  Ltd.,  14  Curity  Avonuo,  Toronto  16,  Ontario 
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Clarence  Aurelius  Barinowski 

VICE  PRESIDENT 

VULCAN  MATfTlIALS  COMPANY 

A  Biography 

Clarence  aurelii  s  harinowski,  usually  referred  to  as 
“Baron,”  is  known  around  Birmingham,  Alabama, 
as  the  man  who  started  at  the  Ixittom  of  the  Bir¬ 
mingham  Slag  Company,  and  worked  his  way  up  to  the 
position  of  exeeutix  e  \’ice  president. 

Baron’s  father,  Robert  Chistavus  Barinowski,  came  to  the 
United  States  at  the  age  of  nineteen  from  the  xieinity  of 
Dan/ig,  (iennany,  to  settle  in  Augusta,  Ceorgia,  in  1880, 
where  he  marrietl  Virginia  W’ilhelmina  Frieke.  .4fter  some 
years  with  the  (Georgia  Railroad  he  entered  the  painting  and 
decorating  contracting  business  in  which  he  was  prominent 
until  his  death  in  1939. 

Baron  was  born  in  .'\ugusta,  and  attended  the  Woodlawn 
Grammar  ScIkm)!  in  .Augusta;  the  Summerville  .Academy, 
a  privately  endowed  institution  in  the  same  city;  and  a  busi¬ 
ness  c-ollege  in  .Augusta,  studying  the  secretarial  and  gen¬ 
eral  business  administration  course. 

.At  the  age  of  nineteen  Baron  was  employed  by  a  firm  of 
cotton  brokers  in  Augusta.  In  March  of  1917  he  came  to 
Birmingham,  where  he  went  to  work  for  the  Birmingham 
Slag  Company  as  secretary  to  C.  Eugene  Ireland,  sales  man¬ 
ager  of  the  company,  and  to  C.  C.  McCullough,  then  secre¬ 
tary-treasurer. 

He  advanciNl  through  various  positions,  at  length  becom¬ 
ing  executive  vice  president  until  the  merger  of  his  companv 
with  Vulcan  Detinning  Company,  out  of  which  merger  Vul¬ 
can  Materials  Company  was  formed. 

It  was  in  the  early  years  with  Birmingham  Slag  Company, 
however,  that  Baron  was  active  in  the  promotion  of  crushed 


and  screened  blast  furnace  slag  for  many  uses  throughout 
the  Southeast.  He  traveled  extensively  in  these  states  ex¬ 
plaining  the  merits  of  slag  for  track  ballast  to  the  railroads 
serving  Birmingham,  and  to  contractors  for  highway  and 
other  types  of  construction.  Through  his  efforts,  Birming¬ 
ham  Slag  Company  became  probably  the  largest  supplier 
of  railroad  ballast  in  the  Southeast.  Baron  was  successful 
in  extending  its  use  as  construction  aggregate  by  arranging 
for  the  establishment  and  maintenance  of  fav'orable  freight 
rates  which  benefited  the  whole  industrv,  not  alone  his  own 
company.  The  cximpany’s  entrv  into  the  crushed-stone  busi¬ 
ness  in  recent  years  has  benefited  from  this  previous  sales 
work,  so  that  the  (piarries  recently  acquired  had  a  ready 
market  in  the  railroads. 

In  World  War  1 1,  Baron  supervised  Birmingham  Slag 
Company’s  part  in  the  construction  of  some  very  large  mili¬ 
tary  projects,  notably  the  .Anniston  Ordnance  Depot  and 
the  Huntsville  Arsenal. 

Finally,  it  was  through  his  efforts  that  the  partnership 
of  Lambert  Brothers  and  Birmingham  Slag  Company  de¬ 
veloped  into  the  Stockbridge  Stone  Company.  This  part¬ 
nership  later  brought  Lambert  Brothers  into  the  Vulcan 
Materials  Company.  Now  that  the  enlarged  and  expanded 
cMinpany  has  been  created,  Baron  can  look  back  with  satis¬ 
faction  at  his  long  service  record,  the  longest  of  anv  officer 
or  emplove  of  the  parent  companv. 

Baron  had  a  tour  of  duty  with  the  .Aviation  Section  of  the 
Signal  Corps  in  W’orld  W’ar  I,  having  enlisted  in  the  .Army 
prior  to  the  first  draft,  and  saw  serxice  at  the  instruction 
center  at  Tours,  France.  Returning  to  the  L^nited  States, 
he  joined  one  of  the  first  National  Guard  .Air  Units  estab¬ 
lished  in  this  countrx’,  was  commissioned,  advanced  to  the 
rank  of  captain,  and  made  Operations  Officer  of  the  106th 
Obserxation  Squadron.  He  directed  flood-relief  work  in 
the  destructixe  floods  in  South  .Alabama  in  the  spring  of 
1929,  ferrx  ing  food,  clothing,  and  medical  supplies. 

Baron  is  noxv  a  director  of  the  National  Crushed  Stone 
.Association;  the  National  Sand  and  Grax'el  Association;  and 
the  National  Slag  .As.sociation,  of  xvhich  he  serxed  three 
terms  as  president. 

He  also  belongs  to  the  Birmingham  Countrx'  Club,  the 
Doxvntoxvn  Club,  “The  Club,”  and  Exchange  Club. 

He  married  Bertha  Otey  in  1925,  and  they  hax'e  three 
children:  .Mrs.  H.  Kelley  Seibcls,  .Mrs.  S.  J.  Hutchinson, 
and  Robert  Gustavus,  a  first  lieutenant  in  the  .Air  Force. 
He  lives  xvith  Mrs.  Barinoxx  ski  at  2525  Canterbury  Road  in 
.Mountain  Brook,  Birmingham. 
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Low  Tide 

Everyone  seems  agreed  that  there  is  nothing  wrong  with 
the  mining  and  minerals  industry  that  a  few  more  students 
would  not  cure.  In  fact,  the  future  seems  rosy,  few  clouds 
in  the  sky,  and  vast  horizons  beckoning,  if  only  there  were 
more  students  to  fit  into  this  picture  of  a  thriving  mining 
industry. 

\Miat  is  causing  the  continuing  decline  in  student  enroll¬ 
ments  in  our  mining  schools  and  colleges?  In  the  corridors, 
at  the  meal  tables,  in  the  meetings  themselves  of  the  Ameri¬ 
can  Institute  of  Mining  Engineers  at  its  annual  sessions  just 
closed,  this  was  the  prime  topic  of  conversation.  This  much 
the  nation  is  faced  with:  fewer  enrollments  in  recent  years 
mean  fewer  students  graduating,  fewer  mining  engineers  to 
fill  the  ranks  of  the  industry  in  the  years  to  come. 

Dr.  John  W,  Vanderwilt,  president  of  the  Colorado 
School  of  Mines,  in  his  opening  address  added  another 
facet  to  this  perplexing  problem  of  declining  enrollments 
by  saying  that  the  demand  for  mining  engineers  was  likely 
to  increase  over  the  next  five  to  ten  years.  With  the  supply 
down  and  demand  up,  a  shortage  of  “new  mineral  engineer¬ 
ing  graduates  is  indicated,  particularly  in  1962  and  196.3,” 
he  forecast.  Furthermore,  the  shortage  will  continue  as 
long  as  engineering  freshmen  enrollments  remain  low. 

Obviously,  those  likely  to  be  hurt  by  the  shortage  are 
the  logical  groups  to  meet  the  challenge  by  effective  action 
to  stimulate  enrollments:  these  are  the  mining  and  miner¬ 
alogy  schools  and  colleges,  the  professional  societies,  and 
the  industries  that  will  want  to  employ  the  graduate  engi¬ 
neers.  Dr.  Vanderw'ilt  says  we  must  not  look  to  the  schools 
and  colleges,  for  they  are  too  busy  maintaining  teaching 
standards  and  adjusting  their  courses  to  meet  the  needs  of 
the  industry.  This  is  most  unfortunate,  for  no  one  is  in 
quite  as  good  a  position  to  see  the  problem  and  the  most 
effective  paths  to  follow  toward  a  solution.  This  leaves  the 
job  up  to  the  professional  societies,  and,  to  their  credit,  they 
are  already  tackling  the  job.  It  now  remains  for  industry, 
acting  through  the  corporations  that  will  need  the  engi¬ 
neers,  to  lend  a  hand.  Here,  too,  reports  are  coming  in  of 
financial  and  other  assistance.  All’s  not  lost .  The  tide  could 
turn  quickly,  and  our  problem  might  be  solved  in  two  or 


three  years,  but  it  will  take  some  good  solid  thinking  and 
prompt  action  by  all  concerned. 

FunJamental  op  Appli  ed? 

The  House  of  Representatives  has  approved  a  bill  which 
authorizes  the  Secretaiy'  of  the  Interior  to  contract  with 
State,  local,  and  private  organizations  for  research,  seeking 
methods  “to  encourage  and  stimulate  the  production  and 
conservation  of  a)al.”  This  was  the  decision  which  the 
United  States  Bureau  of  Mines  opposed  on  the  grounds  that 
such  research  could  be  done  more  efficiently  and  effectively 
in  its  own  laboratories. 

The  House  Interior  Committee  report,  however,  (jues- 
tioned  the  Bureau  for  its  “concentration  on  long-range 
studies,  useful  though  they  are,  its  strong  predilection  for 
using  only  its  own  laboratories,  and  the  history  of  unsuc¬ 
cessful  past  efforts.”  We  can  svmpathize  with  both  the 
Bureau  and  the  Committee.  The  same  rjiiestion,  and  the 
same  complaints,  arise  constantly  in  private  industry.  The 
far-seeing  executive  wants  fundamental  research  that  will 
find  something  “really  big,  even  if  it  takes  five  or  ten  vears.” 
The  sales  forces,  however,  faced  with  the  necessity  of  sell¬ 
ing  the  present  products,  want  help  from  the  laboratoiy  on 
consumer  testing,  data  on  laboratory  tests  of  (juality  and 
on  their  superiority  over  the  competitors’  pr(Klucts. 

The  dilemma  which  plagues  both  Government  and  indus¬ 
try'  involves  two  kinds  of  research  so  different  in  objective 
that  many  scientists  believe  they  should  be  done  by  differ¬ 
ent  groups.  Industry  has  its  plant  laboratories,  which  main¬ 
tain  quality  control  of  the  output  and  test  their  own  and 
their  competitors’  products.  This  is  very  different  from  the 
fundamental  research  group’s  efforts  to  extend  the  frontiers 
of  knowledge  by  finding  totally  new  products  and  processes. 

The  House  bill  would  provide  two  million  dollars  for  the 
first  year  of  what  is,  in  effect,  applied  research.  We  are  not 
close  enough  to  this  dispute  to  express  an  intelligent  opin¬ 
ion  of  the  merits  of  the  House’s  decision,  but  perhaps  if 
others  are  to  be  brought  into  the  picture^  others  new  to  coal 
research,  they  may  produce  new  ideas  which  will  pay  off. 
It  may  be  worth  the  two  million  dollars  the  House  is  will¬ 
ing  to  gamble. 
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HAM  SITE:  This  excellent  aerial  photo  shows  the  mountain-walled  canyon  site  of  Oxbow  Dam.  The  diversion  tunnel,  diversion  outlet,  and 

power  tunnels  may  also  be  seen  in  this  photo. 


OXBOW  DAM 

Tke  iJaho  Power  Oompany*8  expansion  program  alon^  tke  Snake  River 
calls  for  1, BOO, 000  kw.  of  electricity.  Tke  Oxkow  Dam  is  tke 
second  o  f  tk  ree  units  tkat  will  meet  tk  is  ^oal 

HOBERT  J.  BROWN,  JR.® 


U.siNt;  what  may  well  be  the  big¬ 
gest  drill  jumbo  ever  built,  men 
whose  repetitive  cadence  of  progress 
is  “drill,  shoot,  muck  .  .  .  drill,  shoot, 
muck”  are  at  it  a  second  time  in  the 
awesome,  mountained-walled  area 
known  as  the  Hell’s  Canyon  reach  of 
the  Snake  River, 

The  first  time  it  was  Brownlee  Dam, 
a  king-size  task  of  excavation  and 

•6610  Ustick  Road 
Boise,  Idaho 


mountain  moving  that  was,  neverthe¬ 
less,  finished  in  record  time.  Now  it’s 
13  miles  downstream  that  the  staccato 
chatter  of  drills  and  the  crackling  roar 
of  explosives  bounce  back  and  forth  in 
the  river-furrowed  canyon,  where 
clouds  of  rock-filled  smoke  climb  into 
the  air. 

This  is  the  site  of  Oxbow  Dam,  an¬ 
other  vast  and  varied  job  loaded  with 
challenges  for  both  the  engineer  and 
the  builder. 


Brownlee  and  Oxbow  are  the  first 
two  units  in  a  three-dam  development 
on  the  Snake  River  between  Idaho  and 
Oregon,  for  which  Idaho  Power  Com¬ 
pany  was  granted  a  Federal  Power 
Commission  license  only  after  a  no- 
holds-barred  battle  that  began  in  1947. 
Pitting  the  investor-owned  utilitv 
against  advocates  of  a  single  U.  S.- 
built  “high”  dam,  the  struggle  pro¬ 
duced  the  longest  hydroelectric-project 
hearing  in  Federal  Power  Commis- 
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sion’s  history  and  reached  as  far  as  the 
august  chambers  of  the  United  States 
Supreme  Court. 

With  Idaho  Power’s  Hell’s  Canyon 
Dam  as  its  third  unit,  the  dcv’elopment 
will  slip  a  harness  on  100-odd  miles  of 
river  chasm  that  are  among  the  most 
rugged  known  to  man.  Geological 
studies  credit  its  fashioning  to  a  com¬ 
bination  of  forces  that  began  their 
work  when  lava  flowed  in  successive 
molten  weaves  across  the  area.  Upon 
cooling,  the  lava  was  sculptured  by 
wind  and  water  into  a  horizon-reach¬ 
ing  expanse  of  mountains  whose  bare 
rock  peaks  reach  skvward  as  much  as 
10,000  ft. 

The  Snake  River 

.\mong  the  chisel-like  forces  of 
water  w'as  the  Snake,  slipping  seaward 
from  the  springs  and  creeks  that  spawn 
it  high  in  the  regal  Teton  Mountains 
of  WVoming.  Unceasingly,  it  etched  a 
chasm  which  is  wide  at  its  entrance 
near  Weiser,  Idaho,  but  narrow's  at  one 
point  to  a  sheer-w'alled  c'orridor  only 
100  ft.  wide  that  seems  to  swallow  up 
the  once-broad  stream.  Here,  the  river 
rushes  dow'nstream  nearlv  8,000  ft. 
below’  Hell’s  Canyon’s  rim  in  a  fur\’  of 


w  hite  water  that  demands  a  full  meas¬ 
ure  of  skill  from  veteran  boatmen. 

From  this  sometimes  placid,  some¬ 
times  ferocious,  stretch  of  river,  Idaho 
Pow'er’s  three-dam  dexelopment  ulti¬ 
mately  will  w'rest  more  than  1,000,000 
kw’.  of  electricitx'.  Costing  an  esti¬ 
mated  $164,(XX),()00,  including  trans¬ 
mission  lines  and  related  facilities,  it 
w  ill  also  provide  other  important  pub¬ 
lic  benefits  as  bv-products.  These 
benefits  include  flood  control,  naviga¬ 
tion,  recreation,  migrant-fish  conserva¬ 
tion,  and  an  eventual  $10,000,000  an¬ 
nually  in  new  Federal,  State,  and  local 
taxes. 

Its  full  initial  capacity  of  electricity 
already  is  streaming  from  .360,000-kw. 
Brownlee,  whose  second-highest  rock- 
fill  embankment  in  the  w'orld  creates  a 
reserx'oir  nearly  60  miles  long.  Started 
by  veteran  dam  builders  of  Morrison- 
Knudsen  Company,  Inc.,  in  November 
of  1955,  Brow’nlee  produced  its  first 
pow’er  in  August,  1958.  The  last  of  its 
four  initial  generators  went  on  the  line 
in  January,  1959. 

Betw’een  Brownlee’s  start  and  its 
finish,  M-K’s  builders  accomplished  a 
herculean  program  of  eonstruetion.  A 
workforce  that  hit  3,4(X)  at  the  peak 


heaped  up  more  than  6,500,000  cu.  yd. 
of  clay,  gra\’el,  sand,  and  rock  for  the 
embankment,  drove  nearly  a  mile  of 
tunnels,  placed  some  250,000  cu.  yd.  of 
concrete  for  the  powerhouse,  intake 
structure,  and  spillway.  With  drill 
steel  and  carloads  of  explosives,  the 
builders  also  carved  mammoth  cuts, 
including  a  300-ft.-deep  gash  for  the 
concrete  spillway,  and  constructed 
more  than  100  miles  of  roads. 

Oxbow,  though  reejuiring  smaller 
volumes  of  excavation  and  materials, 
is  an  e(|ually  notable  project.  One 
reason  is  that  its  site  has  long  been  rec¬ 
ognized  as  being  among  the  best  in 
the  W’est.  For  here,  the  swift  Snake 
sw’ings  in  a  giant  loop  around  a  “hog¬ 
back,”  or  spiny  ridge  that  projects  from 
the  Oregon  shoreline  like  a  finger  jab¬ 
bing  into  a  balloon.  Its  loop,  in  which 
the  river  drops  22  ft.  from  the  upper 
end  to  the  lower  end,  roughly  re¬ 
sembles  a  pioneer  days’  yoke  for  oxen 
—  hence,  the  name  “Oxbow.” 

Harnessing  the  Water 

Harnessing  the  river’s  w'asting 
w'aters  at  this  point,  Idaho  Power  is 
building  a  rockfill  embankment  to 
block  the  upper  end  of  the  loop.  This 


BIG  JUMBO:  Tall  as  a  four-story  building  and  nearly  as  wide,  the  jumbo  is  being  readied  for  action  in  one  of  the  twin  power  tunnels. 
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PENSTOCK  ENTRANCES:  This  view  of  the  two  penstock  tunnels  was  taken  from  one  of  Oxbow’s  two  power  tunnels.  The  open  shaft  is  the 

excavation  for  one  of  the  surge  tanks. 


barrier,  205  ft.  long  and  nearly  a  (juar- 
ter-mile  long  in  crest  length,  will  store 
an  estimated  7,(K)0  acre-ft.  of  water  in 
a  12-mile  reservoir  reaching  upstream 
to  Brownlees  tailracc. 

Water  corralletl  by  the  embankment 
will  flow  from  the  reservoir  into  twin 
jMtwer  tunnels  thrust  some  800  ft. 
through  the  hogback.  Each  tunnel  will 
be  driven  to  a  diameter  of  42  ft.  and 
lined  to  a  diameter  of  ab<jut  38  ft.  Be- 
neatli  two  concrete  surge  tanks  130  ft. 
in  diameter  and  55  ft.  deep,  the  water 
will  split  between  four  steel  penstocks. 
These  penstocks,  23-ft. -diameter  tubes 
in  tunnels  driven  to  a  diameter  of 
27  ft.,  will  drop  the  water  about  100  ft. 
on  a  48°  slope  to  Oxbow’s  four  initial 
generating  units  in  the  outd(K)r-type 
powerhouse. 

To  accomplish  this  feat  of  rearrang¬ 
ing  nature’s  scheme  of  things  for  addi¬ 
tional  kilowatts.  Oxbow’s  builders  are 
excavating  a  total  of  some  2,210,000 
cu.  yd.  of  earth  and  rock.  A  lion’s  share 
of  this  excavation  is  coming  from  the 
nearly  5,000  ft.  of  power  and  penstock 
tunnels,  the  powerhouse  pit,  the  gap¬ 
ing  rock-walled  chambers  for  the  ori¬ 


fice-type  130-ft.-diameter  surge  tanks. 

The  builders  are  heaping  up  ap¬ 
proximately  1,500,000  cu.  yd.  of  mate¬ 
rial  for  the  clay-core  embankment.  By 
the  time  the  job  is  done,  they  will  have 
placed  some  154,000  cu.  yd.  of  con¬ 
crete  for  the  295-ft.-long  powerhouse, 
the  surge  tanks,  and  the  two  spillways 
that  will  flank  the  embankment. 

Tunnel  Work  at  Oxbow 

Tunnel  work  was  among  the  very 
first  orders  of  business  for  Oxbow’s 
builders.  It  called  on  them  to  perform 
a  complete  face-lifting  job  on  an  exist¬ 
ing  concrete-lined  tunnel  at  the  site, 
to  carry  the  full  diverted  flow  of  the 
Snake  during  construction  of  the  new 
project. 

The  bore,  1,173  ft.  long  and  26  ft. 
in  diameter,  originally  was  driven 
through  the  hogback  about  1907,  by  a 
predecessor  company  of  Idaho  Power. 
Its  plan,  much  like  the  project  now 
being  moved  toward  completion,  was 
to  build  an  embankment  across  the 
Snake  that  would  turn  water  through 
the  tunnel  to  a  powerhou.se  on  the  op¬ 
posite  side  of  the  bow.  Puny  machines 


and  dwindling  funds  stymied  the 
early-day  builders,  however,  and  they 
were  never  able  to  complete  more  than 
the  tunnel,  a  small  wing  dam,  and  a 
powerhouse  with  one  generator  that 
Idaho  Power  operated  intermittently 
until  1947. 

By  the  time  work  started  on  the 
present  Oxbow  project,  the  years  had 
taken  a  heavy  toll  on  the  tunnel.  Deep 
cavities  pitted  its  lining,  the  concrete 
was  not  bonded  to  bedrock  in  many 
places,  and  rot  had  weakened  timbers 
in  the  arch.  To  prepare  the  bore  for 
handling  a  maximum  of  23,000  c.f.s.  of 
water,  instead  of  the  50-ft.  head  it 
originally  was  built  to  carry,  the  build¬ 
ers  of  the  present-day  Oxbow  project 
constructed  a  new  intake  structure  and 
relined  its  full  length  with  concrete. 

The  face-lifting  task  was  child’s  play 
compared  with  the  next  tunnel  job 
undertaken  at  Oxbow.  Monumental  in 
scope,  this  job  was  the  driving  of  the 
twin  power  tunnels,  numbered  among 
the  largest  ever  bored  full  face. 

The  villain  of  the  piece  was  the  na¬ 
ture  of  the  hogback’s  ground.  As  at 
Brownlee,  the  rock  in  the  Oxbow  area 
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generally  is  hard  and  durable  Colum¬ 
bia  River  basalt,  deposited  ages  ago 
in  five  thick  flows  of  lava.  And  as  at 
Brownlee,  the  biggest  part  of  the  drill¬ 
ing  and  blasting  took  M-K’s  men  into 
the  bottom  three  lava  layers,  classified 
by  geologists  as  feldspar-porphyritic, 
columnar-jointed,  and  massive  basalt, 
respectively. 

But  unlike  Brownlee,  several  inter¬ 
secting  faults  of  blocky  basalt  slanted 
downward  across  the  paths  of  the  tun¬ 
nels.  These  pillars  of  chunky  rock 
hampered  the  tunnel  drivers  almost 
from  the  instant  they  set  to  work  at  the 
base  of  a  faced-off  cliff,  200  ft.  high, 
on  the  chore  of  pushing  the  bores 
through  the  hogback  from  the  intake 


With  the  rock  crumbling  away  al¬ 
most  at  the  touch,  the  men  were  forced 
to  scrap  their  plan  to  drive  the  massive 
tubes  full  fac*e  from  the  portals.  In¬ 
stead,  with  protective  shields  above 
the  workmen  and  stout  timber  crib¬ 
bing  supporting  the  sloughing  rock, 
sidewall  drifts  were  driven  some  40  ft. 
into  the  face  for  both  tunnels.  These 
drifts  were  then  joined,  chambers  were 
caiA’ed  out  to  the  full  dimensions  of 
the  bores,  and  steel  ribs  were  set  in 
place  to  support  the  roofs  and  walls. 
.\s  the  final  preliminary  step,  the  first 
40  ft.  of  each  tunnel  was  driven  from 
the  inside  back  out  to  the  face. 

Then,  with  this  “reverse-English” 
tunneling  completed,  .\1-K’s  mammoth 
jumlM)  was  mo\ed  forward  to  start 
full-face  dri\  ing  operations. 

Giant  Jumbo 

Not  many  jumlms  have  been  built  as 
big  as  the  one  used  at  Oxbow.  Tall  as 
a  four-story  building,  it  is  40  ft.  wide 
and  just  alx>ut  as  long.  Its  four  main 
decks,  suspended  on  a  framework  of 
structural  stt*el,  carrx’  a  battery  of  no 
fewer  than  20  drills.  On  the  top  deck 
are  three  Ingersoll-Rand  4/t-in.,  12-ft. 
chain-feed  drills  on  Ingersoll-Rand  hy¬ 
draulic  jumbos.  On  the  cut  deck  are 
five  similar  drills,  one  of  them  being  an 
extra  machine  for  boring  triple  4-in. 
burn  holes.  Four  drills  are  mounted 
on  each  of  the  bottom  two  decks.  For 
good  measure,  four  more  machines  for 
boring  lifters  are  attached  to  the  jumbo 
frame  below  the  bottom  deck. 

Designed  in  M-K’s  headquarters 
and  fabricated  in  the  contractor’s 
Boise  shop  for  assembly  in  the  field, 
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POWER  TUNNEL:  One  end  of  a  power  tunnel  can  be  seen  from  the  top  of  the  surge-tank 
chamber.  The  rock  from  the  surge-tank  chamber  was  removed  by  Euclid  end-dump  trucks 

through  the  tunnel. 


TOP  DECK 


DECK 


DECK 


LOWER  DECK 


DRILLING  DIACRA.M:  The  average  tunnel  round  consisted  of  167  holes.  In  good  ground 
it  was  possible  to  drill  10-ft.  rounds  but  in  faulty  ground  the  depth  was  sometimes  reduced 
to  6-ft.  rounds.  Numbers  shown  indicate  order  of  firing. 


the  55-ton  jumlx)  travels  on  tracks 
adapted  from  a  Caterpillar  D9  tractor 
and  turned  by  two  25-hp.  air  motors. 
An  e.\tra  touch  of  efficiency  is  a  tugger- 
operated  dumbwaiter  bucket  for  hoist¬ 
ing  timber  blocking  and  other  mate¬ 
rials  to  the  various  decks. 

The  jumbo’s  prodigious  appetite  for 
high-pressure  air  was  satisfied  by  a 
battery  of  six  skid-mounted  Ingersoll- 
Rand  XLE  compressors,  each  of  which 
was  rated  at  1,250  c.f.m.  Located  just 
outside  the  portals,  the  electrically 
tlriven  compressors  fed  air  to  the 
jumbo  through  4-in.  hoses  and,  to  the 
tunnels  themselves,  through  an  8-in. 
steel  pipe.  General  Electric  motors, 
rated  at  200-hp.,  2,.300-v.,  and  514- 
r.p.m.,  powered  three  of  the  com¬ 
pressors,  while  Electric  Machinery 
Corporation  units  of  similar  rating 
powered  the  remainder.  Cooling  of 
the  big  machines  was  handled  by  six 
of  Carr  Engineering  Company’s  Model 
.4554  Air-X-Changers. 

.\lthough  the  highly  mobile  rig  was 
designed  essentially  for  driving  the 
Ox1m)w  lM)res,  .M-K’s  engineers  also 
kept  in  mind  the  46-ft.-diameter  tun¬ 
nels  that  are  planned  for  the  Hell’s 
Canyon  Dam.  Thus,  off  their  drawing 
boards  came  a  jumbo  small  enough  for 
use  at  Oxbow  and  big  enough  for  the 
I  lell’s  Canyon  tunnel  operations. 

In  addition  to  precision  engineering, 
.M-K’s  crack  tunnel  men  had  at  least 
two  other  things  going  in  their  favor  as 
they  pushed  the  big  Oxbow  bores  full 
face  thnnigh  the  hogback:  the  jumlx) 
was  mobile  enough  and  the  tunnels 
were  sufficiently  close  together  that  it 
was  possible  to  move  the  big  rig  back 
and  forth  between  the  two  headings 
with  a  minimum  of  effort. 

P’ollowing  each  blast,  while  the 
jumbo  switched  to  the  alternate  head¬ 
ing  to  drill  there,  the  muck  was  re¬ 
moved  with  a  Northwest  801),  which 
convertetl  from  diesel  to  electric 
power  for  its  underground  chore.  As¬ 
sisting  it  on  cleanup  was  an  Eimco  105 
overhead  loader.  The  shattered  rock 
was  hauled  from  the  bores  by  a  fleet 
of  17-cu.  yd.  Euclid  end-dump  trucks. 

.Scaling  of  the  walls  and  roof  was 
perfonned  with  the  aid  of  another 
M-K  innovation  — a  specially  designed 
structural-steel  scaler  ecjuipped  with 
platforms  and  mounted  on  a  tractor  for 
mobility.  Backing  it  up  on  scaling  was 


JUMBO  AT  WORK:  Driving  a  42-ft. -diameter  power  tunnel  requires  a  big  jumbo  and  this 
is  one  of  the  biggest  ever  made.  It  is  40  ft.  wide  and  has  four  main  decks  carrying  no  fewer 

than  20  drills. 


a  rig  mounted  on  an  Autocar  truck  that 
doubled  for  pipe-setting. 

Once  the  mucking  and  scaling 
wound  up  in  one  heading,  the  jumbo 
crawled  back  to  the  face  (sometimes 


with  the  aid  of  a  tractor )  and  resumed 
drilling  operations.  At  the  same  time, 
workmen  on  the  project  were  placing 
new  sets  of  the  steel  supports  recjuired 
for  the  entire  length  of  both  lx)res. 


POWERHOUSE  AREA:  In  the  background  a  tractor-mounted  drill  bores  blast  holes  for  one 
of  the  penstock  tunnels  while  a  shovel  clears  the  way  to  another  tunnel  location. 
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Drilling  and  Blasting 

Under  the  alternating  system,  M-K  s 
tunnel  men  averaged  9.8  hours  to  com¬ 
plete  a  round  cycle— from  the  time 
they  started  drilling  until  they  finished 
setting  supports.  At  tliis  rate,  an  aver¬ 
age  of  2.4  rounds  was  completed  each 
24  hours  for  an  advance  of  nearly  14 
lin.  ft.  On  “good”  days,  however,  pro¬ 
duction  climbed  to  five  rounds.  Steel 
setting,  re<|uiring  an  average  of  180 
minutes,  consumed  the  most  time  in 
each  round  cycle,  while  drilling  and 
mucking  took  about  120  minutes  each. 

As  many  as  167  holes  were  bored  by 
the  20-drill  jumbo  at  one  heading,  with 
depth  averaging  8  ft.  Some  10-ft. 
rounds  were  possible  in  good  ground, 
but  especially  faulty  rock  often  forced 
the  crew  back  to  6-ft.  rounds.  Valua¬ 
ble  time  was  saved  by  eliminating 
chuck  changes  at  the  heading,  a  strata¬ 
gem  that  also  helped  reduce  the  num¬ 
ber  of  chuck  tenders  to  a  minimum.  It 
was  achieved  by  using  12-ft.  steel  to 
match  the  12  ft.  of  travel  provided  by 
each  drill’s  chain  feed. 

M-K’s  tunnel  men  bored  through  the 
rock  with  an  array  of  tungsten-carbide 
bits  ranging  in  size  from  2/*  to  4  in.  in 
diameter.  Bits,  as  well  as  drill  steel. 


were  made  up  fresh  for  each  heading 
and  were  put  aboard  the  jumbo  as  it 
pulled  out  of  one  tunnel  and  prepared 
to  roll  into  the  other.  Reconditioning 
was  performed  in  M-K’s  well-equipped 
shop  upriver  at  Brownlee  Dam.  Best 
estimates  put  bit  life  at  about  1,107  ft. 
of  drilling. 

A  total  of  more  than  131,500  lb.  of 
40^  gelatin,  packed  in  U*  by  12-in.  and 
IJ*  by  16-in.  cartridges,  was  required  to 
bore  the  two  tunnels.  Delay  electric 
blasting  caps,  periods  0  to  9,  were 
used  to  detonate  the  rounds.  With 
the  tunnel  men  loading  holes  heavy 
enough  to  produce  clean  breaks,  about 
1.57  lb.  of  powder  was  used  per  cu.  yd. 
of  muck. 

Early  estimates  of  mucking  quanti¬ 
ties  put  the  amount  of  rock  moved  per 
lin.  ft.  of  tunnel  in  the  neighborhood  of 
53  cu.  yd.  Actual  muck  removed  per 
round  was  slightly  more  than  307  cu. 
yd.  Average  mucking  rate  was  better 
than  153.5  cu.  yd.  per  hour.  A  total  of 
more  than  85,000  cu.  yd.  of  material 
was  excavated  from  the  two  bores. 
.\nother  292,000  cu.  yd.  was  excavated 
for  the  intake  structure.  Overbreak  in 
the  power  tunnels  was  figured  to  be 
about  one  cu.  yd.  per  lin.  ft. 


Steel  used  to  support  the  bores  con¬ 
sisted  of  8-in.  31-lb.  horseshoes,  and 
10-in.  45-lb.  straight  legs.  Spacing  of 
the  supports  ranged  from  U*  ft.  to  7  ft., 
depending  on  the  type  of  ground.  A 
virtually  solid  layer  of  timber  was 
placed  between  the  supports  and  the 
rock  as  a  safetv’  precaution. 

Lining  the  Power  Tunnels 

Lining  of  the  power  tunnels  with  a 
1  to  3-ft.  blanket  of  concrete  got  under 
way  in  mid-December,  1959.  E.xpected 
to  take  until  spring,  the  operation  fea¬ 
tures  a  custom-built,  collapsible  lining 
jumbo.  It  consists  of  a  structural  steel 
framework  supporting  a  horseshoe¬ 
shaped  shell  around  which  the  con¬ 
crete  is  pumped  behind  bulkheads. 
-M-K’s  plan  of  attack  called  for  one 
bore  to  be  completely  lined  and  then 
for  the  rail-mounted  jumlx)  to  be 
shifted  to  the  other  tunnel  for  lining 
work  there. 

A  drilling  and  blasting  task  only 
slightly  less  demanding  than  the  driv¬ 
ing  of  the  power  tunnels  was  the  carv¬ 
ing  of  barrel-like  chambers  for  the  two 
130-ft.-diameter  concrete  surge  tanks. 
These  tanks,  cradled  in  a  shelf  gouged 
from  the  mountainside  high  above  the 


PENSTOCK  TUNNELS:  This  overall  view  of  the  powerhouse  area  shows  early  stages  in  excavation  of  the  four  penstock  tunnels.  Surge-tank 

chambers  were  started  from  shelf  above  penstock  tunnels. 
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SURGE  TANKS:  Two  of  the  130-ft. -diameter  surge  tanks  at  about  the  halfway  point  in  excavation.  At  this  stage  the  blasted  rock  was  pushed 

down  to  the  power  tunnel  level  and  removed  by  truck  through  the  bore. 


powerhouse,  will  be  located  over  the  finally  were  established  with  the  use  ation,  the  sections  would  be  pulled 

intersection  of  the  power  tunnels  and  of  steel  supports  and  extensive  timber  into  place  on  concrete  curbs  by  cables 

the  penstocks  to  regulate  water  pres-  cribbing.  To  overcome  the  difficult  reeled  in  by  a  hoist  at  the  upper  ends 

sure.  ground  conditions,  the  crown  of  each  of  the  tunnels,  and  then  they  were  to 

W'orking  below  a  faced-ofiF  cliff  tow-  of  the  four  tunnels  was  drilled  and  be  welded  together  to  form  continu- 

ering  some  300  ft.  over  their  heads,  blasted  first  and  then  the  bottom  half  ous  tubes. 

Oxbow’s  builders  sank  the  massive  was  driven. 

shafts  with  the  aid  of  Gardner-Denver  Drilling  was  performed  by  Joy  ^  itiona  Project  Data 

and  Ingersoll-Rand  drills.  Early  in  the  T.\I-500’s,  mounted  on  D8  Cats.  Muck  Assembly  of  the  penstock  sections  in 

excavation,  muck  was  removed  from  was  moved  down  to  the  bottom  of  the  the  prefabrication  yard— a  precision- 

the  chambers  by  trucks  climbing  an  steep  bores  by  dozers  and  a  winch-  engineered  model  of  efficiency— fea- 

acce.ss  ramp  to  the  surfaee.  But  later,  controlled  slush  bucket.  A  Bucyrus-  tured  automatic  welding  for  virtually 

as  the  result  of  a  shrewd  bit  of  plan-  Erie  88-B  loaded  the  rock  into  Euclid  the  entire  operation.  Manual  welding 

ning,  muck  was  removed  through  the  end-dump  tnicks  to  be  hauled  away,  was  largely  confined  to  tack  welding 

power  tunnels,  the  driving  of  which  much  of  it  for  use  on  cofferdams.  of  plates  into  “cans”  as  the  first  step  in 

had  been  scheduled  to  intermesh  with  Total  e.xcavation  from  the  penstock  the  assembly-line  production.  Subse- 

the  chamber  e.\cavation.  Blasted  shaft  tunnels  was  about  12,500  cu.  yd.  More  (juent  welding  of  the  cans  into  succes- 

rock  was  handled  by  the  same  electric  than  225,0(X)  cu.  yd.  was  expected  to  sively  longer  sections  was  performed 

Northwest  80D  that  mucked  out  the  be  removed  to  make  room  for  the  by  Lincoln  600-,  400-,  and  300-amp. 

tunnels,  loading  the  same  fleet  of  powerhouse  and  its  tailrace.  welders  driven  by  electric  motors. 

Euclid  end-dumps.  By  the  time  the  Oxbow’s  23-ft. -diameter  steel  pen-  Final  assembly  of  the  sections  vv'as  per- 

surge-tank  chambers  reached  bottom,  stock  liners,  each  of  which  will  carrv  formed  on  special  W’orthington  povver- 

a  total  of  about  250,000  cu.  yd.  of  rock  7,000  c.f.s.  of  water  at  full  load,  were  driven  roller  beds  that  turned  the 

had  been  removed.  scheduled  to  be  installed  in  the  tun-  tubes  while  welds  were  made  inside 

At  the  same  time  that  the  surge-tank  nels  in  the  same  manner  used  earlier  and  outside.  Fabrication  of  the  four 

shafts  were  being  sunk,  other  work-  at  Brovvmlee.  The  giant  tubes,  prefab-  liners  retjuired  a  total  of  8,000  ft.  of 

men  were  thrusting  the  penstock  tun-  ricated  in  sections  ranging  from  16  welding. 

nels  upward  from  the  powerhouse  to  48  ft.  in  length  in  the  job’s  well-  In  addition  to  the  drilling  already 

level.  Faulty  rock  similar  to  that  found  ordered  yard,  were  to  be  moved  to  the  mentioned,  considerable  drilling  was 

in  the  power  tunnels  threatened  to  tunnels  on  Forged-Trak  trailers  pullevl  performed  elsewhere  on  the  Oxbow 

frustrate  the  penstock  excavation  at  by  tractors.  Prefitted  vv'ith  gear  essen-  project.  To  provide  a  seepageproof 

the  very  beginning,  but  the  portals  tial  to  the  hauling  and  eventual  oper-  grout  curtain  beneath  the  embank- 
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merit,  for  example,  the  builder  bored 
a  total  of  16,642  lin.  ft.  of  grout  holes. 
.\nother  5,071  lin.  ft.  of  grout  holes 
was  sunk  under  the  Oregon-side  spill¬ 
way. 

While  the  Oregon-side  spillway  was 
pushed  to  completion  early  in  the  job 
to  help  handle  hea\y  spring  runoffs, 
construction  of  the  Idaho-side  spill¬ 
way  did  not  move  into  high  gear  un¬ 
til  early  in  December.  Chief  reason 
for  its  late  start:  a  design  change  that 
substituted  an  unusual  fuse  plug  spill¬ 
way  for  the  more  conv'entional  gated 
structure  originally  planned. 

The  fuse  plug,  which  will  operate 
only  when  the  Snake’s  flow  is  too 
heavy  to  be  handled  by  the  power  tun¬ 
nels  and  the  Oregon-side  spillway,  will 
consist  of  a  small-scale  rockfill  dam 
built  at  the  crest  of  a  concrete  dis¬ 
charge  chute.  Flanked  by  concrete 
walls  that  would  support  gates  in  any 
other  t\'pe  of  spillway,  the  plug  is  de¬ 
signed  to  wash  out  gradually  at  a  spe¬ 
cified  rate,  and  in  a  specified  pattern, 
to  release  surplus  water  from  the  reser¬ 
voir.  With  the  erosion  of  the  plug  con¬ 
trolled  by  the  manner  of  its  construc¬ 
tion,  no  marked  surges  of  water  are 
anticipated  downstream.  The  plug,  ex¬ 


tensively  tested  in  scale-model  studies 
at  W'^ashington  State  College  and  one 
of  a  limited  number  thus  far  con¬ 
structed  in  the  U.  S.,  would  be  re¬ 
placed  following  the  rare  occasions  on 
which  it  might  be  breached. 

Oxbow’s  builders  excavated  a  total 
of  nearly  590,000  cu.  yd.  to  carve  a  side 
cut  for  the  Oregon  spillway  and  ex¬ 
pect  to  remove  another  725,000  cu.  yd. 
to  gouge  out  a  similar  cut  for  the  Idaho 
structure  in  operations  scheduled  to  be 
finished  by  spring. 

i\n  unusual  function  will  be  per¬ 
formed  by  Oxbow’s  Oregon  spillway 
in  addition  to  its  customarx^  task. 
Through  a  large  pipe  built  into  the 
structure  as  it  rose  from  bedrock,  it 
will  supply  water  for  a  second  up¬ 
stream  migrant-fish  facility  intended 
only  for  use  on  the  infrequent  occa¬ 
sions  when  heavy  runoffs  send  water 
through  the  spillway  and  around  the 
lx)w. 

M-K’s  array  of  machines  at  Oxlx)w 
is  almost  as  impressive  as  that  used  to 
push  Brownlee  to  record-breaking 
completion.  Excavators  on  the  job  in¬ 
clude,  in  addition  to  the  Northwest 
SOD  and  Bucyrus-Erie  88B,  a  Mani¬ 
towoc  4500,  a  Bucyrus-Erie  22B  and 


71B,  and  three  truck  cranes.  Heavy- 
duty  trucks  include  nine  Euclid  63  TD 
end-dumps  of  17-cu.  yd.  capacity,  three 
Euclid  14  TDT  bottom-dumps  of  17- 
cu.  yd.  capacity,  and  three  Euclid  S-18 
rock  wagons.  In  addition  to  the  six 
Ingersoll-Rand  XLE  compressors  used 
for  the  power  tunnel  driving  were  ten 
other  I-R  units,  ranging  in  capacity 
from  85  c.f.m.  to  900  c.f.m.  and  a  Gard- 
ner-Denver  365. 

Fourteen  drills  are  seeing  grueling 
dutv’  at  Oxbow,  in  addition  to  the  tun¬ 
nel  jumbo’s  battery  of  20.  They  in¬ 
clude  six  Ingersoll-Rand  and  Gardner- 
Denver  .\ir-Tracs  and  a  truck -mounted 
Joy  T.M  500. 

Oxbow’s  construction  is  being  su¬ 
pervised  by  many  of  the  same  veteran 
dam  builders  who  were  at  Brownlee. 
For  Idaho  Power,  they  include  resi¬ 
dent  engineer  Gomer  Gondit,  who 
vv'orks  under  the  overall  direction  of 
R.  E.  Gale,  vice  president  of  operations 
and  construction.  Simon  Piedmont  is 
.\I-K  project  manager,  with  G.  M. 
Shupe,  the  contractor’s  dam  division 
manager,  in  overall  charge.  Tunneling 
operations  were  directed  by  Superin¬ 
tendent  Carl  Larson,  a  veteran  of 
many  other  M-K  underground  tasks. 


DRILLI.NG  I.N  THE  SURGE  TANK:  Holes  for  sinking  the  1.30-ft.-diameter  surge-tank  shafts  were  made  by  Gardner-Denver  and  Ingersoll- 
Rand  drills.  About  250,000  cu.  yd.  of  rock  were  removed  in  making  the  surge-tank  chamber. 
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DELAY  DETONATION;  The  use  of  delay  blastioK  caps  results  in  a  series  of  closely  spaced,  but  independent,  detonations.  This  helps  reduce 
vibrations  and  improves  fraRmentation.  Note  the  rock  movement  in  this  photo  of  a  quarry  blast. 


VIBRATIONS 

From  Construction  Blasting 

Part  I  o  (  tk  Ss  article  on  klast  In^  vibrations  Jiseussecl  vibrations 
unique  to  construction  bl  astin^l  tb  is  second  installment 
outlines  safe  vibration  limits  for  structures 

L.  IXIN  LEET* 


Co.\TROLi.ED  initiation  of  detona¬ 
tion  i.s  ac'complished  by  the  use 
of  electric  blasting  caps.  An  electric 
blasting  cap  is  in  a  small  cylindrical 
metal  shell.  A  13*  to  2  in.  in  length  by 
about  )i  in.  in  diameter  is  a  common 
size,  although  modern  delay  caps  have 
different  lengths. 

.\n  electric  blasting  cap  has  two 

•Professor  of  Cieology,  Seismologist  in 
Charge,  Seismograph  Station 
Harvard  University 
Cambridge,  Mass. 


wires  running  into  it  to  where  they 
are  joined  by  a  bridge  wire.  The  bridge 
wire  is  imbedded  in  an  ignifion  agent, 
such  as  lead  styphnate.  This  ignites 
when  the  bridge  wire  is  sufficiently 
heated  by  the  passage  of  electric  cur¬ 
rent,  and  detonates  a  priming  charge, 
such  as  lead  azide.  The  pressure  front 
from  this  detonates  a  base  charge  such 
as  tetr\'l,  RDX,  or  PETN.  The  pressure 
front  from  detonation  of  this  base 
charge  then  initiates  detonation  in  the 


explosive  into  which  the  cap  has  been 
inserted.  The  operation  is  accom¬ 
plished  almost  instantaneously. 

In  some  tx’pes  of  blasting,  it  is  desir¬ 
able  to  applv  a  firing  current  to  a  series 
of  caps  all  at  once,  but  to  have  them 
fire  at  different  times.  This  is  accom¬ 
plished  by  the  use  of  delat/  caps.  These 
contain,  in  addition  to  the  usual  ele¬ 
ments,  a  delay  fuse  that  is  started 
burning  by  the  ignition  agent,  and 
burns  for  a  time  proportional  to  its 
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LEET  SEISMOGRAPH:  A  seismograph  such  as  the  Leet  records  three  components  of  motion: 
two  horizontal  at  right  angles  to  each  other,  and  one  vertical. 


length  before  it  reaches  and  fires  the 
priming  charge.  There  are  two  classes 
of  delay  caps:  long-period  delays  and 
short-period  delays. 

Delay  detonation  effectively  sepa¬ 
rates  the  pressure  fronts  in  rock  and 
the  bundles  of  energy^  which  they  de¬ 
liver  to  the  rock,  so  that  the  shock 
front’s  work  of  breaking  the  rock  and 
disturbing  the  unbroken  rock  is  done 
as  a  series  of  closely  spaced,  but  inde¬ 
pendent,  events.  Practical  results  of 
this  techni(jue  have  been  to  improve 
fragmentation  and  to  reduce  appreci¬ 
ably  the  amount  of  energv^'  that  is 
carried  by  vibrations  to  surrounding 
territory  through  the  rock.  The  great¬ 
est  amount  of  energy  that  reaches  sur¬ 
rounding  ground  and  buildings  from  a 
delay  blast  is  that  released  by  the  most 
explosive  on  any  one  of  the  delay  inter¬ 
vals. 

Elastic  Waves 

Of  the  hemisphere  of  rock  around  a 
blast,  only  a  small  fraction  of  the  vol¬ 
ume  is  bounded  by  a  free  face  close 


enough  to  the  explosion  to  be  frac¬ 
tured  by  reflection  of  the  pressure 
front.  In  the  rest  of  the  work,  the  pres¬ 
sure  front  rapidly  decays  into  elastic 
waves.  Some  of  these  move  through 
the  rock,  others  travel  along  the  sur¬ 
face  of  the  ground.  They  constitute 
the  vibrations  that  are  felt  by  people 
in  the  vicinity,  and  sometimes  shake 
structures. 

At  the  same  time,  some  of  the  energy' 
escapes  into  the  air  and  travels  as  con¬ 
cussion  or  sound,  which  is  often  the 
only  form  in  which  the  effects  are  no¬ 
ticeable  at  a  distance. 

The  elastic  waves  are  of  several 
types,  each  of  which  travels  with  a 
unicjue  velocity  that  depends  on  the 
physical  characteristics  of  the  mate¬ 
rial.  As  they  travel  outward  from  a 
blast,  these  waves  become  separated 
progressively  by  their  differences  in 
velocity.  Each  also  dies  out  as  it  ex¬ 
hausts  its  initial  energy  in  moving  ma¬ 
terial  along  its  path.  The  speed  of 
these  waves  is  greatest  in  rock  and 
least  in  unconsolidated  soil  and  earth. 


sometimes  referred  to  as  overburden. 
The  amount  of  displacement  of  the 
earth’s  surface  as  these  waves  pass  is 
greatest  in  overburden  and  least  in 
rock. 


Seismographs 

Special  seismographs  have  been 
used  to  study  these  by-product  waves 
in  the  ground,  particidarly  in  connec¬ 
tion  with  the  waves’  capacity  for  dam¬ 
aging  buildings  or  other  structures, 
and,  incidentally,  to  investigate  the 
characteristics  that  make  them  percep¬ 
tible  or  annoying  to  persons. 

Ev'erv’  seismograph  operates  on  the 
same  basic  physical  principle,  making 
an  enlarged  record  of  motion  of  the 
base  on  which  it  rests,  relative  to  an 
inertia  member  or  weight  that  remains 
essentially’  at  rest.  Instruments  differ, 
however,  in  the  mechanism  by  which 
they  achieve  magnification  of  the  ac¬ 
tual  motion,  yvhich  is  of  the  order  of 
thousandths  of  an  inch.  The  simple, 
direct,  and  unvary'ing  operation  of  a 
mechanical-optical  lever  is  employed 
by  the  Leet  seismograph.  To  reduce 
the  size  and  yveight  required  by  this, 
hoyvever,  other  instruments  hay'e  re¬ 
sorted  to  mirrors  on  spindles,  aiupletl 
by  such  means  as  fragile  yvires  that 
change  length  with  temperature  and 
break  easily  in  field  use,  or  nylon 
threads  that  change  length  yvith  hu¬ 
midity.  Electronic  circuits  have  been 
avoided  because  their  outputs  can  be 
changed  so  easily,  even  unknoyvingly, 
by  an  operator,  and  they  need  to  be 
calibratt'd  for  each  record. 

A  seismograph  for  this  service  must 
record  three  components  of  motion: 
tyvo  horizontal  at  right  angles  to  each 
other,  and  one  y’ertical. 

The  name  “displacement  seismo¬ 
graph”  has  sometimes  been  used  for 
an  instrument  which  yy’rites  a  record 
proportional  to  displacement  of  its 
base.  In  contrast,  the  name  “accelero- 
graph”  has  been  used  for  an  instru¬ 
ment  that  yvrites  a  record  proportional 
to  acceleration  of  its  base.  Actually, 
each  of  these  is  a  form  of  seismograph 
(see  Earth  Waves,  by  Leet,  Harvard 
University  Press,  19.W,  p.  27).  The 
“displacement  seismograph”  is  a  seis¬ 
mograph  that  has  a  natural  fre(juencv 
less  than  that  of  waves  for  which  dis¬ 
placements  are  recorded.  An  accelero- 
graph  is  a  seismograph  that  has  a  nat- 
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ural  frequency  greater  than  that  of 
waves  for  which  accelerations  are 
recorded. 

Interpretation  of  Seismograms 

The  basic  data  required  of  a  seismo- 
graphic  measurement  are  the  ampli¬ 
tude  and  frefjuencv  of  ground  or  build¬ 
ing  movement.  These  are  recorded 
directly  by  a  displacement  seismograph 
and,  for  a  single  simple  t\’pe  of  har¬ 
monic  wave,  can  be  read  easily  by  any¬ 
one.  W'hen  waves  of  more  than  one 
frefjuency  are  present  on  a  record  at 
the  same  time,  however,  great  care  and 
experience  are  required  to  assign  the 
proper  frecpiencv  to  any  measured 
amplitude.  In  a  discussion  of  vibra¬ 
tions’  ability  to  do  damage,  we  will 
find  that  cnergv'  is  the  most  important 
factor,  and  that  it  varies  as  the  square 
of  the  fre(juency  and  the  amplitude. 
So  errors  in  reading  that  assign  a  given 
amplitude  to  the  wrong  frequency'  can 
be  \’er\'  serious  indeed. 

Most  seismographs  for  recording  vi¬ 
brations  from  blasting  can  be  operated 
by  anyone  with  a  little  patience  and 
a  strong  thumb.  But  interpretation  of 
the  records  should  not  he  undertaken 
by  anyone  without  thorough  ground¬ 
ing  in  the  theory  as  well  as  practice. 

Safe  V^ibration  Limits  for  Structures 

The  effect  of  vibrations  on  structures 
is  governed  not  only  bv  the  magnitude 
of  the  vibrations,  but  also  by  the  mech¬ 
anism  by  which  thev  deliver  energy  to 
distant  places,  h^or  some  waves,  which 
move  the  surface  of  the  ground  in  a 
manner  similar  to  the  convenient  an¬ 


alogy  of  a  wave  on  water,  the  greatest 
differences  in  position  are  between  a 
particle  on  the  crest  of  one  wave  and 
one  in  the  trough  of  the  next,  half  a 
wave  length  away.  Another  way  to 
state  this  is  to  say  that  the  greatest  dif¬ 
ferential  displacement  is  between 
points  a  half  wave  length  apart;  and 
it  is  differential  displacement  that 
causes  rupture  of  materials. 

For  example,  pick  up  a  yardstick. 
You  can  easily  move  it  any  amount  you 
wish,  so  long  as  all  its  parts  move  to¬ 
gether.  But  if  you  clamp  one  end  to 
a  table  so  it  cannot  move  as  you  move 
the  opposite  end,  the  stick  can  be 
broken  by  a  fairly  small  displacement 
of  the  free  end  relative  to  the  fixed  end, 
that  is,  by  a  differential  displacement. 

Now,  consider  our  elastic  wave 
moving  a  structure  in  its  path.  If  the 
wave’s  length  is  large  relative  to  the 
size  of  the  structure,  the  structure 
moves  almost  as  a  single  unit,  with 
very’  little  differential  displacement  at 
any  point.  Under  these  conditions,  no 
materials  in  the  structure  are  likely  to 
be  distorted  enough  to  break. 

The  yvave  length,  L,  is  related  to 
velocity  of  the  yvave’s  travel,  V,  and 
frequency,  /,  bv  the  ecpiation 

L=V 

The  largest  surface  yvay'es  from 
blasting  range  in  frefjuency  from 
about  3  to  30  cycles  per  second,  and 
tray'cl  at  velocities  ranging  from  1,000 
ft./sec.  in  dry'  sand  to  10,000  ft.  sec. 
in  granite.  The  predominant  frequen¬ 
cies  of  the  yvaves  are  loyver  for  yvaves 
in  the  materials  that  transmit  them 


yvith  low  speeds,  and  yice  versa.  As  a 
result,  the  yvave  length  of  the  surface 
yvaves  tends  to  be  nearly  the  same  for 
yvidely  differing  kinds  of  material.  For 
example,  if  V  1,000  ft.  sec.  and 
/  =  3,  then  L  =:  333  ft.  Likeyvi.se,  it 
V— 10,(XX)  ft./sec.  and  /  =  .30,  then 
L  =  .3.33  ft.  A  rough  but  practical  rule, 
therefore,  for  estimating  yvave-length- 
to-structure-size  ratios  is  to  u.se  a  yvave 
length  of  300  ft. 

If  a  dyvelling  extends  .30  ft.  in  the 
path  of  such  waves,  no  more  than  a 
tenth  of  anv  .300-ft.  yvave  yvould  be 
under  it  at  any  instant.  The  greatest 
differential  displacement  betyveen 
parts  of  the  dyvelling  yvould  be:  build¬ 
ing  size  half  yvave  length,  .30  1.50,  or  a 
fifth  of  the  crest-to-trough  range  of 
the  motion. 

The  sides  of  a  buried  pipe  a  foot  in 
diameter,  on  the  other  hand,  yvould  be 
exposed  to  no  more  than  1  1.50  of  such 
a  yvave’s  crest-to-trough  height  at  any 
one  instant.  The  pipe  yvould  move  ef¬ 
fectively  as  a  unit  yvith  the  ground  and 
be  exposed  to  literally  negligible  dif¬ 
ferential  displacements. 

.\nother  important  factor  in  deter¬ 
mining  the  effect  of  elastic  wave  mo¬ 
tion  on  structures  is  the  frequency. 
Qualitatively,  it  is  not  difficult  to  see 
that  moving  a  structure  back  and  forth 
over  a  certain  range  yvould  be  more 
likely  to  damage  it  if  the  motion  yvere 
reversed  often  in  a  second  of  time 
(high  frequency)  than  if  the  motion 
yvere  reversed  at  a  relatively  sloyv  rate 
(loyv  frequency').  Quantitatively,  the 
importance  of  frecpiency  stems  from 
its  c-ontribution  to  the  magnitudes  of 


UNDERWATER  BLASTING:  Explosives  are  used  in  deepening  and  widening  many  rivers  and  channels  to  accommodate  the  large  ocean-going 
ships.  On  this  Delaware  River  project,  seismograph  readings  were  taken  on  each  river  bank  for  every  blast. 
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acceleration,  force,  and  kinetic  energy. 

Acceleration  is  rate  of  change  of  mo¬ 
tion  in  direction  or  amount,  and  force 
is  mass  times  acceleration.  Recall  that 
the  term  “mass,”  as  used  here,  is  nu¬ 
merically  e(jual  to  weight  divided  by 
acceleration  due  to  gravity.  Kinetic 
energy  is  energy  of  motion,  or  a  meas¬ 
ure  of  the  capacit)'  of  a  body  to  do 
work  as  a  conserjuence  of  its  being  in 
motion.  Now,  as  an  elastic  wave  passes 
a  structure,  the  greatest  acceleration  to 
which  the  structure  is  subjected  is 

where  A  is  the  amplitude.  So  the  great¬ 
est  force  acting  on  the  structure  is  its 
mass  times  this  quantity,  or 


=  —  a„„».  =r  -- 

g  g 


where  W  is  the  weight  in  pounds  and 
g  is  the  acceleration  of  gravity,  32.2 
ft.  sec.^  or  386.4  in./sec.® 

From  this,  it  is  clear  that  the  force 
varies  w'ith  the  scjuare  of  the  fre- 
(juency,  and  doubling  the  frequency 
(juadruples  the  force  for  a  given  ampli¬ 
tude  of  motion. 

Now,  kinetic  energy’  is 


KEniax.  —  ^  g  V“niax. 

where  v  is  the  velocity  with  which  a 
structure  moves  back  and  forth  as 
waves  pass  it.  Since 

Vniax.  —  27r^A 

then  v^mai.  = 

Thus,  we  again  find  a  quantity,  this 
time  kinetic  energy,  which  is  propor¬ 
tional  to  the  square  of  the  frequency, 
with  the  result  that  doubling  the  fre- 
(juencv  quadruples  the  kinetic  energy’ 
for  a  given  amplitude  of  vibration. 


Damage  Criteria 

Fundamentally,  the  property’  of 
yvave  motion  that  governs  eflPects  on 
structures  is  the  energy  yvhich  the 
waves  deliver  to  the  structure.  This 
may  be  expressed  in  terms  of  the  am¬ 
plitude  of  motion  it  produces,  the  fre- 
(juency  of  the  motion,  the  acceleration 
yvhich  results  from  combining  the  am¬ 
plitude  and  frequency,  the  force  with 
which  it  moves  a  structure,  or  the 
energy  itself,  defined  in  terms  of  the 
velocity  of  the  motion  it  produces.  All 
these  (juantities  are  subject  to  direct 
measurement,  and  various  combina¬ 
tions  of  them  have  been  used  as  num¬ 
bers  against  which  conditions  of  dam¬ 
age  or  no  damage  were  examined. 


Table  III 

ELEMENTS  OF  SIMPLE  HARMONIC  MOTION 
FOR  WAVES  FROM  DIFFERENT  SOURCES 


Source 

/ 

A 

in. 

a  ratio 

in./sec.2  of  a’s 

/2A2 

KE 

Ratio 
of  KE’s 

Walking 

22 

0.0036 

69 

1.0 

0.0063 

0.000326W 

1 

Blast 

10 

0.0090 

36 

0.5 

0.0080 

0.0(X)410\V' 

1.25 

Quake 

1.3 

1.42(X) 

101 

1.46 

3.63(X) 

0.185000W 

570. 

Frequency’  and  amplitude  are  the 
basic  elements  of  hannonic  motion 
from  which  others  can  be  computed. 
As  pointed  out  previously,  if  /  is  fre- 
(|uencv  and  A  is  amplitude,  then 
acceleration  a  =  ( 4r- )  ( /-A ) 


force 


\\ 


=  V=(2r) 

W 


(/A) 


z^KE=^(4.r=-’)  (/--’A^^) 


=  ma=— (4:r^-)  (fA) 

C? 

velocity 
kinetic 
energy’ 

The  yy'ay  in  which  these  elements  of 
harmonic  motion  vary'  is  illustrated  by 
Table  III. 

In  Table  III,  the  maximum  accel¬ 
eration,  hence  the  maximum  force, 
caused  by  the  eartlujuake  was  only 
three  times  that  computed  for  the 
(juarry’  blast,  but  the  maximum  kinetic 
energ)'  w'as  450  times  as  much.  The 
blast  vibrations  did  no  damage  of  any 
kind,  but  the  earthtjuake  vibrations 
did  a  great  deal  of  damage. 


A  factor  not  represented  by  any 
computations  of  maximum  values  for 
acceleration,  kinetic  energy’,  or  other 
measures  is  total  energy,  yvhich  is 
governed  also  by  the  duration  of  sig¬ 
nificant  motion.  This  is  a  fraction  of 
a  second  for  blast  vibrations,  but  may 
be  minutes  for  earthfjuake  yvaves  near 
their  source. 


Obsery'ations  and  c'omputations  of 
this  kind  have  led  to  the  conclusion 
that  the  best  guide  to  damage-causing 
possibilities  of  vibrations  is  the  energy’ 
they  are  found  to  possess.  Since  it  is 
neither  practicable  nor  necessary'  to 
determine  the  energy  in  inch-pounds, 
yvhich  would  involve  knowing  or  com¬ 
puting  the  weights  of  structures  being 
shaken,  energ)'  from  a  particular 
source  is  compared  with  energies  from 
other  sources  by  determining  the 
square  of  the  velocity'  which  each 
source  produces  at  a  point  on  the 


ground  or  in  a  structure.  Kinetic- 
energy  is  proportional  to  v-,  so  ratios 
of  kinetic  energy  are  c-omputed  di¬ 
rectly  by  determining  ratios  of  v*. 
Rockwell^  pointed  this  out  in  1927, 
and  later  CrandelF  utilized  the  rela¬ 
tionship  in  defining  his  energy'  ratio: 


yvhere  a  is  atx-eleration  in  ft.  sec.®  and 
f  is  fretjuency.  Examination  of  the 
dimensions  of  Crandell’s  energy  ratio 
shows  that  it  is  proportional  to  f‘A~, 
which  makes  it  proportional  to  v®, 
hence  to  kinetic  energv. 

Safe  Limits  —  Potential  Crater  Area 

In  the  discussion  of  craters  formed 
by  the  detonation  of  buried  explosives, 
a  region  called  the  potential  crater 
zone  W'as  defined.  This  includes  rock 
yvhich,  if  a  sufficient  (juantity  of  ex¬ 
plosive  were  used,  w'ould  be  shattered 
and  projcx-ted  outyvard  to  form  a 
crater.  The  size  of  the  crater  depends 
critically  on  the  kind  of  explosive  and 
depth  at  which  it  is  buried,  and  on 
the  type  of  rock.  Even  though  no 
crater  is  formc*d,  the  rock  moy  c^ments 
within  the  potential  crater  zone  are 
not,  in  general,  simple  elastic  oscilla¬ 
tions.  They  often  include  permanent 
plastic  displacements.  For  many  brittle 
rocks,  the  diameter  of  the  potential 
crater  zone  is  not  greatly  diflFerent 
from  tyvice  the  depth  at  which  the  ex¬ 
plosive  is  buried,  but  it  is  a  dimension 
that  cannot  be  pinpointed  with  pre¬ 
cision  at  the  present  time  yvithout  in¬ 
strumental  measurements.  Permanent 
displacement  is  indicated  by  a  shift  in 

‘Edward  H.  Rockwell,  “Vibrations  Caused 
by  Blasting  and  Tbeir  Effect  on  Structures,” 
The  Explosives  Engineer,  Mar. -Apr.,  1927. 
Revised,  June,  1931. 

“F.  J.  Crandell,  “Ground  Vibration  Due  to 
Blasting  and  Its  Effect  Upon  Structures,” 
Jour.  Boston  Soc.  Civ.  Engs.,  pp.  222-24.5, 
Apr.,  1949. 
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the  zero  position  of  the  inertia  mem¬ 
bers  of  a  displacement  seismograph, 
such  as  the  Leet,  if  the  ground  tilts  at 
the  recording  location,  or  by  failure  of 
a  strain  gauge  in  roc-k  to  return  to  a 
position  of  no  strain. 

Fixed  safe  limits  for  permanent  dis¬ 
placements  depend  on  each  individ¬ 
ual  structure  and  on  the  parts  of  the 
structure  which  are  supported  by  the 
ground  thus  affected.  The  best  advice 
that  can  be  given  at  present  to  assure 
safety  from  effects  within  a  potential 
crater  zone  is  to  keep  buiUlings  or 
other  earth -supported  materials  such 
as  pipelines  out  of  it. 

Safe  Limits  —  Zone  of 
Elastic  Vibrations 

Crandell  has  reported  an  extensive 
series  of  instrumental  measurements 
supplemented  by  detailed  building  in¬ 
spections,  where  blasting  was  carried 
on  near  homes,  schools,  and  churches. 
■Many  cases  of  damage  were  encoun¬ 
tered,  and  many  more  where  there  was 
no  damage.  He  concluded,  “when  the 
structure  had  not  been  prestressed  and 
the  materials  of  construction  were 
axerage,  no  damage  occurred”  if  the 
energy  ratio  was  less  than  3.  In  some 
structures  where  there  had  been  pre¬ 
stressing  and  cracking  by  settlement  or 
rnox  ement  of  any  sort,  an  energx'  ratio 
of  3  or  greater  sometimes  increased  the 
width  of  cracks  prexiously  formed. 


He  summarized  his  experience  by  de¬ 
fining  the  region  between  energ)’  ratios 
of  3  and  6  as  “caution,”  and  greater 
than  6  as  “danger”  for  structures. 
These  are  plotted  in  Figure  1  as  a 
function  of  frequency  and  amplitude 
of  vibration.  Also  on  this  figure  is  a 
line  for  an  energy  ratio  of  1.0,  which 
has  been  adopted  by  the  states  of  New 
Jersey  and  Massachusetts,  the  U.  S. 
Corps  of  Engineers  in  eertain  contracts 
involving  blasting,  the  New  York  State 
Power  Authority,  and  possibly  by 
others  unknown  to  the  writer,  as  the 
greatest  energx'  ratio  permissible  at 
occupied  structures  in  the  vicinity  of 
blasting. 

In  most  discussions  and  all  regula¬ 
tions  to  date  relative  to  damage  from 
blasting,  “damage”  is  defined  as  crack¬ 
ing  plaster,  the  weakest  structural  ma¬ 
terial.  Safe  limits  are  much  higher  for 
masonrv’  and  other  stronger  materials. 

Perceptibility 

An  extremely  important  factor  in 
this  whole  problem  has  been  the  dis¬ 
covery  that  vibrations  can  be  felt  by 
persons,  even  seem  severe,  when  they 
are  only  a  negligible  fraction  of  sizes 
necessary  to  do  damage.®  This  is  dem¬ 
onstrated  in  the  graph  of  Figure  1. 

Vibrations  from  Normal  Use 

Vibrations  from  normal  use  of  struc¬ 
tures  provide  a  helpful  referenee  level 


FIGURE  I:  On  this  graph  are  plotted  energy  ratios  showing  areas  of  safety,  caution,  and  danger 
for  structures,  which  have  been  adopted  by  several  authorities  concerned  with  blasting. 


against  which  to  compare  vibrations 
from  blasting.  Of  course,  walking  on 
a  floor  does  not  always  shake  an  en¬ 
tire  house,  although  slamming  a  door 
often  does.  But  the  materials  of  a 
floor,  ceiling,  or  wall  panel  of  a  single 
room  do  not  know  or  care  whether 
vibrations  to  which  they  are  subjected 
come  from  that  room  only,  or  from  a 
distant  point  outside  the  house.  .\nd 
their  response  to  measured  vibrations 
from  normal  use  is  a  practical  guide  to 
their  capacity  to  withstand  vibrations 
from  other  sources.  Displacements  of 
10-,  20-,  or  more,  thousandths  of  an 
inch  at  frecjuencies  from  5  to  20  cycles 
per  second  are  not  uncommon  in 
dwelling  structures  from  walking,  door 
slamming,  and  other  activities  of  the 
occupants. 

Elastic  Vibrations  Related  to 
Quantity  of  Explosive  and  Distance 

One  of  the  results  of  extensive  ex¬ 
periments  by  the  U.  S.  Bureau  of 
Mines,  as  reported  in  its  Bulletin  442 
(1942),  was  development  of  an  em¬ 
pirical  formula  relating  maximum  dis¬ 
placement  by  vibrations  to  quantity  of 
explosive  and  distance. 

The  actual  amount  of  motion  in  the 
ground  depends  not  only  on  the  quan¬ 
tity'  of  explosive  and  distance,  but  also 
on  the  nature  of  the  terrain  at  the 
point  in  question.  With  the  shaking 
produced  by  a  wave  at  a  given  point 
on  rock  assigned  a  coefficient  of  1,  it 
has  been  observed  that  the  same  wave 
at  the  same  point  would  shake  or  dis¬ 
place  10  times  as  much  the  surface  of 
average  overburden  (about  a  quarter 
to  a  half  wave  length’s  thickness  of 
unconsolidated  soil  or  earth  lying  on 
rock).  .Yccxirdingly,  normal  overbur¬ 
den  is  said  to  have  a  terrain  coefficient 
of  10.  Abnormal  overburden  (half  a 
wave  length  or  more  in  thickness)  of 
water-soaked  sand,  or  of  drv’  sand, 
gravel,  and  loam  may  have  a  terrain 
coefficient  as  high  as  30.  Overburden 
a  few  feet  in  thickness  has  no  appre¬ 
ciable  effect  on  the  terrain  coefficient, 
which  is  therefore  I  at  such  a  point. 

This  terrain  coefficient  should  not  be 
confused  with  the  effect  of  different 
earth  materials  in  damping  out  or  ab- 

“H.  Reiher  and  F.  J.  Mei.ster,  “Die  Empfind- 
lichkeit  de-s  Men.schcn  gcgen  Erschuttemnger 
(Human  Sensitivity  to  Vibration),”  Forsch. 
Gebiete  Infienieurtv.,  V’ol.  2,  Xo.  11,  pp. 
381-386  (1931). 
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sorbing  the  energx^  of  elastic  waves. 

In  developing  the  formula  relating 
quantity  of  explosive,  distance,  and 
maximum  amplitude  of  elastic  wave 
motion,  the  Bureau  of  Mines  averaged 
results  for  waves  transmitted  over  a 
great  variety'  of  terrains  in  different 
parts  of  the  countrv,  so  variations  in 
transmission  efficiency  are  averaged 
into  the  results.  The  formula  was  then 
computed  for  average  overburden  at 
the  recording  points.  Accordingly, 
amplitudes  computed  by  the  formula 
are  multiplied  b\'  3  for  a  receiving 
point  located  on  abnormal  overbur¬ 
den,  or  divided  by  10  for  one  located 
on  rock,  or  close  to  it. 

\  verv'  important  feature  of  the  de¬ 
crease  in  maximum  amplitude  of  earth 
motion  caused  by  elastic  waves  as  dis¬ 
tance  from  their  source  increases  is 
the  separation  of  wave  tx'pes  by  their 
velocity  differences.  As  a  practical 
matter,  this  separation  becomes  effec¬ 
tive  within  about  the  first  500  ft.  After 
that,  the  decrease  in  ma.ximum  ampli¬ 
tude  is  controlled  bv  the  rate  at  which 
the  one  wave  producing  it  has  died 
out.  As  a  result,  the  rate  of  amplitude 
decrease,  on  the  av'erage,  follows  one 


law  inside  the  potential  crater  zone, 
another  out  to,  say,  500  ft.,  and  another 
beyond  that. 

For  total  explosives  from  1,000 
through  10,000  lb.  and  distances  from 
5(X)  to  6,000  ft.,  the  Bureau  of  Mines 
found  that  the  following  formida  ex¬ 
presses  the  ma.ximum  amplitude  of 
elastic  wav'e  motion  on  normal  over¬ 
burden  : 


A=: 


CIV.'* 

100 


-0.0014.3d 

(0.0<e 


+  .001) 


where 

A  =  maximum  resultant  amplitude 
in  inches 

C  =  explosive  charge  in  pounds 
d  =  distance  in  feet 
e  =  base  of  Xaperian  logarithms 
(2.72) 

Values  for  A  from  this  formula  are 
shown  in  Table  IV. 

The  Bureau  of  Mines  formula  pre¬ 
dicts  amplitudes  that  are  increasingly 
greater  than  those  actually  observed, 
as  the  amount  of  explosives  rises  above 
10,000  lb.  For  example,  at  1,.500  ft. 
from  76,000  lb.  the  formula  predicts  an 
amplitude  of  0.161  in.  for  normal  over¬ 
burden,  or  0.016  for  rock.  .\n  actual 


observation  on  rock  showed  an  am¬ 
plitude  of  0.011.  At  8,000  ft.  from 
1,362,985  lb.,  the  formula  predicts  an 
amplitude  of  1.200  in.  on  normal  over¬ 
burden,  or  0.120  on  rock.  An  actual 
record  on  rock  showed  an  amplitude 
of  0.027  in. 

It  has  been  pointed  out  that  fre- 
(juency  is  an  important  factor  in  de¬ 
termining  damage.  The  amplitude- 
distance-quantity  equation  and  table 
do  not  involve  fretjuency,  but  certain 
general  ranges  have  been  observed 
and  can  be  used  to  make  helpful  e.sti- 
mates  of  damage  potential  from  these 
amplitudes.  Higher  frecjuencies  are 
observed  on  rock,  often  ranging  from 
25  to  50  cycles  per  second.  Maximum 
motion  is  associated  with  lower  fre- 
(juencies  on  overburden,  often  rang¬ 
ing  from  3  to  5  cycles  per  second  for 
the  thickest.  Another  relationship  is 
that  large  (juantities  of  explosives  pro¬ 
duce  maximum  motions  in  elastic 
waves  associat€*d  with  lower  fretjuen- 
cies  than  do  smaller  (juantities  in  the 
same  terrain.  In  other  words,  the  fre- 
(juency  at  ma.ximum  elastic  wave  am¬ 
plitudes  varies  inversely  as  the  (juan- 
tity  of  explosive. 


Table  IV 


GROUND  AMPLITUDE-DISTANCE-VVEIGHT  OF  EXPLOSIVE* 
(.4mplitude!i  in  inches) 

FOR  NORMAL  0\'ERBI  RDEN 


Wt.  of 
Explosive 
(pounds) 

Distance  (feet) 

500 

600 

700 

800 

900 

1000 

2000 

.3000 

4000 

5000 

6000 

1,(KX) 

.035 

.031 

.027 

.02.3 

.020 

.018 

.oa50 

.0020 

.0012 

.0010 

.0010 

2,(KK) 

.056 

.049 

.044 

.0.37 

.032 

.028 

.(X)80 

.00.32 

.0019 

.0016 

.0016 

3,{KK) 

.073 

.064 

.057 

.048 

.042 

.037 

.010 

.0042 

.0025 

.(X)21 

.0021 

4,(KX) 

.089 

.078 

.069 

.0.59 

.051 

.045 

.013 

.(X).51 

.00.30 

.(X)2.5 

.fX)2.5 

5,(KX) 

.1(X) 

.090 

.080 

.068 

.059 

.052 

.015 

.0058 

.(X).35 

.(X)29 

.0029 

6,(XX) 

.120 

.1(X) 

.090 

.076 

.067 

.0.58 

.016 

.0066 

.0040 

.00.33 

.0033 

7,(XX) 

.130 

.110 

.1(X) 

.085 

.074 

.065 

.018 

.007.3 

.0044 

.0036 

.00.36 

8,(XX) 

.140 

.120 

.110 

.093 

.081 

.071 

.020 

.0080 

.(X)48 

.0040 

.(X)40 

9,(XX) 

.1.50 

.1.30 

.120 

.100 

.088 

.076 

.022 

.0086 

.(X)52 

.(X)4.3 

.0043 

10,{XX) 

.160 

.140 

.1.30 

.110 

.094 

.082 

.02.3 

.0093 

.0056 

.(X)46 

.0046 

For  rock  or  very  thin  overburden,  divide  the  above  amplitudes  by  10. 

For  abnormal  overburden  (thicker  than  a  half  wave  length),  multiply  by  3. 


•From  U.  S.  Bureau  of  Mines  Bulletin  442,  p.  66. 
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TUNNEL  DRIVING:  In  comparison  with  quarries,  tunnels  require  very  small  quantities  of 
explosives  and  long-period  delays  between  detonations.  There  is  also  a  free  face  below  the 
ground  surface.  Consequently,  the  by-product  vibrations  are  correspondingly  quite  different. 


Is  Soil  Compacted  by  Elastic 
Vibrations  from  Blasting? 

Explosives  have  been  used  for  the 
compaction  of  soil  under  very  special 
conditions.^  This  basic  fact  has  be¬ 
come,  in  some  instances,  the  founda¬ 
tion  for  a  line  of  “reasoning”  that  ne¬ 
glects  the  special  conditions  and  de¬ 
tails  of  procedure  actually  involved, 
then  jumps  to  completely  unsupported 
speculations  about  elastic  waves  from 
blasting  causing  compaction  in  strong, 
cohesive  soils  at  remote  distances. 

Explosives  can  be  used  for  soil  com¬ 
paction,  accx)rding  to  Lyman,  “only  if 
a  new  and  denser  soil  structure  will  l>e 
formed  after  the  material  is  completely 
disturbed.”  Re(|uirements  for  com¬ 
pacting  loose,  cohesionless  foundation 
soils  in  their  natural  state  by  detonat¬ 
ing  buried  e.xplosives  include  having 
the  .soil  saturated.  The  method  has 
been  successful  on  loose  deposits  of 
uniformly  graded,  slightly  silty,  fine- 
to-medium  saturated  sands.  The  size  of 
the  charge  must  be  such  as  to  “shatter 
the  soil  mass  thoroughly.”  Good  results 
were  obtained  from  8-lb.  charges 
spaced  20  ft.  on  centers  and  buried 
15  ft.  The  eflFects  were  produced  only 
within  the  range  of  direct  application 
of  explosive  pressures  to  cause  perma¬ 
nent  displacements,  and  cease  where 
the  ground  motion  is  entirely  that  of 
elastic  waves. 

Compaction  of  granular  soils  is  also 
accomplished  by  mechanical  vibration 
and  simultaneous  saturation  with 
water  in  a  process  known  as  “vibroflo- 
tation.””  **  The  force  in  this  method  is 
applied  by  a  device  called  a  vibroflot. 
This  is  a  long,  slender  tube  of  which 
one  part  is  a  6-ft.-long  15-in.-diameter 
section  containing  the  vibrator  that 
drives  a  200-lb.  eccentric  15*  in.  off- 
center  at  1,8(K)  r.p.m.,  developing  a 
centrifugal  force  of  10  tons  and  maxi¬ 
mum  movement  of  the  bottom  of  the 
vibroflot  of  in.  The  process  relies  on 
mechanical  agitation  and  simultaneous 
saturation  with  water  to  move  and 
“float”  the  sand  particles  into  a  dense 

’A.  K.  B.  Lyman,  “Compaction  of  Cohc- 
sionless  Foundation  Soils  by  Explosives,” 
Tratts.  Amer.  Soc.  Cit:.  Engs.,  V’ol.  107 
(1942),  p.  1330. 

'Elio  D’Apix)lonia,  “Loose  Sands  — Their 
Compaction  by  Vibroflotation,”  Amer.  Soc. 
Testing  Materials,  Special  Technical  Pnh.  No. 
156  (1953). 

“Elio  D’Appolonia  and  Callix  E.  Miller,  Jr., 
"Sand  Compaction  by  Vibroflotation,”  Trans. 
Amer.  Soc.  Civ.  Engs.,  Paper  No.  2730,  Vol. 
120  (1955),  p.  154. 


state.  The  vibrations  are  effective  to  a 
radial  distance  of  5  to  8  ft. 

With  vibroflotation,  as  with  explo¬ 
sives,  compaction  is  achieved  only 
within  the  range  where  the  sand  or 
granular  material  is  saturated  and  the 
forces  are  sufficient  to  produce  per¬ 
manent  displacements. 

In  contrast  to  these  established 
methods  for  compacting  saturated 
sands  bv  explosives  or  “vibrations,” 
within  a  few  feet  of  the  energy  sources, 
there  is  overwhelming  evidence  from 
both  theor)'  and  actual  observ'ation 
that  there  is  no  compaction  of  soils 
from  clastic  waves  outside  the  poten¬ 
tial  crater  zone  from  hla.stiup,  rock. 

Tunneling  Through  Ilock 

Tunneling  through  rock  involves 
special  procedures  in  drilling  and 
blasting,  and  produces  vibration  pat¬ 
terns  that  are  uni(jue. 

Tunnels  for  water  supply,  sewer,  or 
utility  purposes  are  usually  small 
enough,  up  to  10  or  15  ft.  in  diameter, 
so  that  the  full  face  or  heading  is 
worked  on  each  blast.  Boreholes  2  in. 
or  so  in  diameter  are  drilled  parallel 
to  the  line  of  the  tunnel,  to  lengths  of 
8  or  10  ft.  E.xplosives  in  these  are  det¬ 
onated  in  secjuence  so  that  the  center 
of  the  cut  is  taken  out  first,  and  the 


rock  around  it  breaks  into  this  relieved 
region.  Long-period  delays,  which 
separate  detonations  by  a  second  or 
more,  have  been  used  in  this  service 
for  many  years. 

Vibrations  at  the  surface  immedi¬ 
ately,  or  almost  immediately,  above 
such  tunneling  operations  are  essen¬ 
tially  confined  to  body  waves.  The 
first,  or  “cut,”  round  causes  the  largest 
vibration  because,  in  blasters’  termi¬ 
nology,  it  is  “tight.”  Seismologically, 
this  is  a  condition  in  which  the  shock 
front  from  the  cut  round  has  much 
less  area  of  free  face  over  which  to  use 
its  energy  in  shattering  rock  than  do 
later  shock  fronts  in  the  same  se- 
(juence. 

The  diameter  of  such  a  tunnel  auto¬ 
matically  limits  the  amount  of  explo¬ 
sive  that  can  be  loaded  at  any  one 
time.  It  usually  is  impossible  to  load 
sufficient  explosives  to  be  fired  in  se¬ 
quence  like  this,  to  damage  structures 
on  the  surface  without  destroying  the 
tunnel  itself.  Vibrations  on  the  surface 
during  the  driving  of  a  sewer  tunnel 
that  went  directly  under  part  of  the 
Golden  Triangle  in  the  heart  of  Pitts¬ 
burgh,  Pennsylvania,  were  generally 
smaller  than  those  from  traffic  and 
industrx'  in  the  area,  and  less  harmful 
to  dwellings  than  vibrations  from  nor¬ 
mal  use. 


THE  EXPLOSIVES  ENGINEER  •  MARCH-APRIL,  I960 


53 


The  B  E AVERS  Awards 


OVER  1,200  members  of  the  Beavers,  an  organ¬ 
ization  of  men  and  companies  engaged  in 
the  heavy-construction  industr\’  west  of  the  Mis¬ 
sissippi,  met  at  the  Statler-Hilton  Hotel  in  Los 
Angeles  on  Thursday,  January  21,  for  their  fifth 
annual  meeting.  Each  year  the  Beavers  pay  trib¬ 
ute  to  those  men  who,  bv  their  skill,  responsibilitv, 
and  integrity,  have  distinguished  themselves  by 
their  contributions  to  the  heavy-construction  in¬ 
dustry. 

Highlight  of  the  meeting  was  the  Awards  Din¬ 
ner  in  the  Pacific  Ballroom  at  which  six  members 
received  Golden  Beaver  Awards  for  1960.  Princi¬ 
pal  speaker  was  Dr.  William  Pickering,  director 
of  the  Jet  Propulsion  Laboratory',  Pasadena,  Cali¬ 
fornia. 

R.  W.  Rasey,  president  of  the  Beavers  and  of 
Winston  Brothers  Construction  Company  of  Min¬ 
neapolis,  presided  at  the  meeting. 

The  men  chosen  to  receive  the  1960  awards 
and  their  fields  of  activity  are  listed  below: 

manageme.nt:  .Algot  F.  Johnson,  A1  Johnson 
Construction  Company;  W'alter  Scott,  Peter  Kie- 
wit  Sons’  Co. 

supervision:  Victor  C.  Hindmarsh,  Bechtel 
Corporation. 

ENGi.NEERiNC:  W.  J.  Leen,  U.  S.  Army  Corps  of 
Engineers. 

supply:  Tim  J.  Riley,  Ingersoll-Rand  Company. 

special:  Raymond  A.  Wheeler,  lieutenant  gen¬ 
eral,  U.  S.  Army  (ret). 


VV.  J.  LEEN 


ALGOT  F.  JOHNSON 


TIM  J.  RILEY 


WALTER  SCOTT 


RAYMOND  A.  WHEELER 


VICTOR  G.  HINDMARSH 
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Sk  oc  kl  ess  Use  o  r  Expl  osives 
For  i^anastone  Fxcavation 

The  ‘^Rihtad^  meth  oJ  of  hi  astin^y  usln^  smally  evenly  spaced  charges 
of  explosives,  solves  a  diffi  cult  pro  hi  em  in  Australia 

J.  GRINDROD* 


HOW  to  safely  excavate  sandstone 
rock  that  had  been  worn  and 
warped  by  climatic  changes  and  earth 
mt)vements  through  the  ages.  This  was 
one  of  the  many  problems  that  had  to 
Ih*  tackled  in  the  construction  of  the 
W’arragamba  Dam  in  New  South 
\N’ales,  .\ustralia,  by  the  Metropolitan 
VV’ater  Sewerage  and  Drainage  Board 
of  Sydney.  The  problem  was  solved  by 
the  use  of  the  Swedish  “Riktad,”  or 
“cxjutrolled,”  method  of  blasting 
which,  by  spreading  the  charge  as 
evenly  as  possible  behind  the  face  and 

•Maiwand,  48  tJore  Road 
New  Milton,  P-lants.,  England 


using  instantaneous  detonation,  cuts 
off  cleanly  a  slice  of  rock  while  impart¬ 
ing  a  negligible  shock  to  the  surround¬ 
ing  rock. 

The  need  for  some  safe  method  of 
bulk  excavation  as  an  alternative  to 
the  only  other  course  apparently  avail¬ 
able— the  extremely  costly  method  of 
excavation  by  hand— was  evident  when 
it  became  necessary  to  excavate  a  tun¬ 
nel  outside  the  dam  to  carry  the  84-in. - 
diameter  low-level  delivery  main.  This 
tunnel  entered  the  rock  only  a  few 
feet  from  a  cliff  face  running  almost 
parallel  to  the  tunnel.  \  semivertical 
crack  located  across  the  tunnel  face 


created  the  ever-present  danger  that 
a  large  part  of  the  hill  would  slip  if 
the  rock  between  the  tunnel  and  the 
parallel  face  moved.  The  normal  u.se  of 
explosives  for  blasting  would  have 
been  precarious  and  might  have 
caused  damage  to  the  surrounding 
rock,  owing  to  the  horizontal  and  verti¬ 
cal  cracks  occurring  in  the  standstone. 

In  adopting  the  Riktad  method  for 
driving  this  tunnel.  Cortex,  an  instan¬ 
taneous  detonating  fuse,  made  it  pos¬ 
sible  for  the  whole  length  of  the  drill 
hole  to  be  exploded  simultaneously 
and,  by  using  a  large  number  of  drill 
holes,  a  thin  blanket  of  explosives  was 
detonated,  cutting  off  a  clean  slice  of 
rock.  .Although  this  produced  an  un¬ 
usually  loud  noise,  it  resulted  in  only 
a  negligible  shock  to  the  rock  behind. 
To  further  minimize  the  shock,  short- 
period  delay  detonators  could  be  used. 

In  addition  to  the  84-in. -diameter 
low-level  delivery  main  outside  the 
tunnel,  several  tunnels  at  the  dam  it¬ 
self  were  cut  bv  this  method.  These 
were  for  galleries  into  the  foundation 
rock  which  should  not  be  damaged 
during  excavation.  The  Riktad  method 
was  also  used  for  excavating  cutoff 
trenches  at  the  upstream  face  of  the 
dam  and  at  the  downstream  end  of 
the  apron. 

Tunnel  Charges 

For  tunnel  excav'ation,  the  charges 
were  made  up  on  lJ«-in. -diameter  half- 


WARRACAMBA  DAM  SITE:  Difficult  blastitiK  conditions  encountered  during  the  building 
of  the  Warragamba  Dam  were  solved  by  the  use  of  the  “Riktad”  method  of  blasting. 
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FIRST  CHARGE:  Explosive  charges  and  a  line  of  Cortex  are  taped  to  flat  lengths  of  boards 
and  inserted  into  the  2-in.  holes  surrounding  the  large  center  hole.  The  various  lines  of  Cortex 

are  connected  as  shown. 


round  lengths  of  hardwood,  cut  about 
6  in.  longer  than  the  2-in.-diameter 
drill  holes  into  which  the\  were  to  be 
inserted.  A  line  of  Cortex  was  then 
laid  along  the  flat  side  of  the  stick, 
flush  with  the  end  to  be  placed  at  the 
bottom  of  the  hole  and  extending 
about  1  ft.  at  the  open  end.  The  Cortex 
was  taped  securely  to  the  stick,  which 
was  inserted  into  the  drill  hole  so  that 
the  charge  faced  the  open  cut  with 
the  timber  cushioning  the  roek  behind 


^  ecfton  of  Tunntf 
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DRILLING  DIAGRA.M :  This  diagram  of  the 
Rilctad  method  of  blasting  for  tunnel  excava¬ 
tion  shows  the  various  stages  of  drilling. 

from  the  shock.  This  was  the  lightest 
Riktad  charge  and  was  used  when  the 
burden  was  only  a  few  inches  and  the 
charges  not  more  than  4  in.  apart. 

From  this  basic  charge  the  strength 
could  be  stepped  up  by  adding  small 
charges  of  a  high-density  gelatin  type 
of  dynamite  taped  onto  the  Cortex  at 
regular  intervals,  say,  1  oz.  every  foot. 
In  some  cases,  the  added  charge  at  the 
bottom  of  the  drill  hole  was  made 
double  that  of  the  others.  In  practice, 
it  was  found  that,  as  the  charges  for 


given  conditions  were  identical,  the 
powder  crew  could  prepare  them  verx 
(juiekly. 

Connections 

\V1ien  the  charges  had  been  fitted 
into  the  holes,  the  1-ft.  length  of  Cor¬ 
tex  trailing  at  the  open  end  was  con¬ 
nected  to  another  strip  of  Cortex  to 
which  a  detonator  had  been  taped.  For 
detonating  all  the  charges  simulta¬ 
neously,  the  free  ends  were  then  taped 
together  on  the  one  piece  of  Cortex 
and  two  instantaneous  detonators 
ustKl.  In  the  case  of  delayetl  charges. 


howeser,  depending  on  the  degree  of 
care  to  be  taken,  the  various  groups 
were  taped  to  diflPerent  pieces  of  Cor¬ 
tex  and  short-period  delay  detonators 
taped  onto  these  as  required.  The  de¬ 
lay  detonators  were  then  connected  in 
series  to  the  blasting  machine. 

Procedure  in  the  tunnel  was  initiated 
by  boring  a  7-in. -diameter  hole  4  ft. 
deep  in  the  face  with  a  7-in.  tungsten 
carbide  bit.  This  hole  was  placed  half¬ 
way  between  the  springing  lines  and 
about  3  ft.  from  the  roof.  Normal 
drill  holes  were  then  bored  4  ft.  into 
(Continued  on  page  58) 


TUNNEL  EXCAVATION:  An  excellent  view  of  progressive  stages  in  driving  a  tunnel  by  the 
Riktad  method.  Tliis  method  allows  the  use  of  light  explosive  charges  to  prevent  excessive 
shock  to  surrounding  rock. 
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HAVE  YOU  SEEN  “THE  MAN  WITH  THE  RED  VALISE’7 


Every  Hercules  Explosives  technical  repre¬ 
sentative  carries  "The  Red  \alise”  you  see 
above.  In  it  are  dummies  of  Hercules® 
Blasting  Caps;  with  it  in  front  of  you,  you 
and  the  Hercules  man  can  determine  the 
best  materials  for  your  specific  requirements. 

Talking  with  the  Hercules  man  is  always  a 


good  idea.  He’s  been  expertly  trained  in  his 
field,  and  backing  him  up  is  a  complete  line 
of  quality  materials  for  the  industrial  ex¬ 
plosives  user.  You  can  always  receive  the 
help  you  need  from  Hercules,  either  by 
contacting  tbe  Hercules  sales  office  nearest 
you  or  by  writing  direct  to  \\  ilmington. 


Explosives  Depariment 

HERCULES  POWDER  COMPANY 

900  Market  Street,  Wilmmgton,  Deknvare 


XR60-3 


BIRMINGHAM  •  CHICAGO  •  DULUTH  •  JOPLIN  ■  LOS  ANGELES  r  NEW  YORK  •  PinSBURGH  •  SALT  LAKE  CITY  •  SAN  FRANCISCO 
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Skockless  Use  of  Explosives  for  Sandstone  Excavation 

(Continued  from  page  56) 


the  face  around  the  edge  of  this  hole. 
The  2-in.  holes  were  placed  4  in.  cen¬ 
ter  to  center,  with  center  lines  3  in. 
from  the  edge  of  the  7-in.  hole.  Ten 
holes  c-ompleted  the  pattern,  and  in 
each  hole  a  Riktad  charge  was  placed 
and  the  collar  stemmed.  The  charges 
were  then  exploded  simultaneously  or 
bv  short-period  delay  blasting  caps  to 
produce  a  hole  4  ft.  long  and  15  in.  in 
diameter. 

A  further  ten  2-in.  holes  were  then 


drilled  halfway  between  the  original 
2-in.  holes,  with  centers  3  in.  outside 
the  edge  of  the  cut.  These  holes  were 
loaded  and  shot,  giving  a  hole  about 
23  in.  in  diameter.  Following  this,  the 
charges  could  be  placed  about  8  in. 
apart  and  6  in.  back  from  the  face,  and 
the  process  repeattxl  until  the  roof  and 
springing  lines  of  the  tunnel  were 
reached.  The  bottom  was  then  flat¬ 
tened  out  to  make  a  bench  that  was 
carried  on  for  another  4  ft.  bv  follow¬ 


TRENCH  EXCAVATION:  Upstream  cutoff  trench,  4  ft.  wide  and  30  ft.  deep,  was  made  by 
the  Riktad  method.  The  blasts  effected  a  very  clean  cut  and  caused  little  disturbance  to  the 

rest  of  the  trench  area. 


ing  the  procedure  already  outlined. 

During  operations,  the  length  of 
advance  was  fixed  at  4  ft.,  although 
by  careful  drilling  with  tungsten  car¬ 
bide  bits  it  was  possible  to  make  the 
original  holes  as  long  as  8  ft.  The 
longer  advance  was  not  used,  however, 
because  the  double  length  of  explosion 
might  have  defeated  the  purpose  for 
which  the  system  had  been  adopted. 

By  adopting  this  method,  the  84-in. - 
diameter  low-level  delivery  main  was 
cut  for  a  distance  of  100  ft.  without 
even  shaking  the  doubtful  rock.  When 
the  main  was  laid  and  concreted  in 
position,  the  foundation  for  the  hill¬ 
side  was  more  stable  than  before  the 
operation. 

Cutoff  Trench 

For  the  excavation  of  the  cutoff 
trenches,  work  was  begun  from  a  4-ft. 
calyx  hole  drilled  to  the  depth  of  the 
slit.  The  Riktad  excavation  method 
v\'as  then  brought  into  use  by  drilling 
vertical  holes  about  6  in.  from  the  face 
of  the  calyx  hole  and  about  8  in.  apart. 
For  very  delicate  work,  one  6-in.  face 
was  taken  off  at  a  time,  and,  by  the  use 
of  a  full  series  of  short-period  delays, 
a  considerable  advance  was  made  at 
each  firing,  the  holes  being  bored  as 
deep  as  was  convenient  to  take  the 
charge. 

Several  horizontal  bedding  planes 
in  the  sandstone  created  a  further 
problem  in  taking  out  the  upstream 
grout  cutoff  trench  since  it  was  es¬ 
sential  to  avoid  opening  any  of  these. 
The  Riktad  method  was  started  from  a 
4-ft.  calyx  hole  in  the  line  of  the  trench 
and  continued  by  taking  the  bench  out 
on  a  10-ft.  face.  A  very  clean  cut  re¬ 
sulted,  without  any  disturbance  of  the 
surrounding  rock. 

The  operation  of  the  system  became 
routine  to  the  trained,  experienced 
teams  on  the  job,  with  both  costs  and 
time  being  cut  by  70^.  At  the  same 
time,  the  finished  job  was  as  accurate 
and  had  been  as  well  controlled  as  if 
hand  methods  had  been  employed. 
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ON 

I  STRUCTURES-WELLS 
PIPE  LINES 

HAROLD  H.  WHITE 

CONSULTING  ENGINEER 

j  2831  EAST  14TH  STREET 

JOPLIN,  MISSOURI 

Seismic  Surveys  for 
Sub  Surface  Exploration 

Seismograph  .  .  .  Accelerograph 

Electronic  Comparascope 

Micro  Barograph  Surveys 

Investigation  of  Explosions 
and  Explosives  Accidents 
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Future  Reference  ' 

The  six  issues  of  The  Explosives  Engineer  published  in  1959  are  | 

available,  bound  attractively  in  cloth.  These  will  be  sent  to 
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ABC 

NEOLON  FLEXIBLE 
VENTILATION  TUBING 


CURB  FIRES  AND  EXPLOSIONS 


STATIC  ElEGRICITY 


PUSH  BUnON 

&  SPRAY 


THE 


STATIKIL 


TRADEMARK 
Reg.  in  U.  S  Pat  Off 
THE  ORIGINAL— THE  ONLY 


^AtlKJL 


Use  Statilil  to  curb  dangerous  $3  o  ton 
fires  and  explosions  caused  by  ^30  g 
static  charges  generated  by  (spray) 

friction.  Simply  spray  or  swab  ^13  g  gg| 
lightly  on  moving  parts,  machin-  (fluid) 

ery,  doorknobs,  floors,  stairs, 
roiling  castors.  The  ideal  spark  retardent  for 
arsenals,  chemical,  petroleum,  petrochemical 
and  mining  industries.  Stops  shocks  to  people 
susceptible  to  static  electricity.  Effectiveness 
thoroughly  proven  by  constant  use  in  hundreds 
of  plants.  Send  for  a  trial  order  today. 

MAIL  COUPON  TODAY! 


ABC  Tubing  of  NEOLON — the  amazing, 
lough,  rip>proof,  neoprene  coated  nylon  fabric 
— gives  longer  service  with  maximum  econ¬ 
omy.  All  standard  diameters  and  lengths.  Easy 
to  couple  and  hang.  For  mines  and  tunnels. 
Get  catalog  59. 
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BRATTICE  CLOTH  CORP. 


270  Argonne  Rd.,  Warsaw,  Indiana  | 


STATIKIIJNC. 


CUvhnd  13,  O. 


Send  the  following  (please  check)  • 

Q  Free  Literature  Q  One  con  spray  @  $3  I 
n  One  cose  of  spray  cons  (S',  $30  | 

r~l  One  bulk  gallon  @  $  1 5  | 
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U5CD  BY  THOUSANDS  OF  LCADING  PLANTS 


Ask  your  explosives  distributor  for 
UNI-THERM  silver  chloride  dry  cells 
or  write  us  for  additional  information 


silver  chloride  dry  cells 
work  everywhere 


99%  plus . . .  leakproof 

for  your  blasting 
galvanometer 

1  dependable 

thon  ^ 

1  long  celt  life 

^  -  T  ^ 

)/  positive  protection 
against  corrosive 

-  -  I  p 

jf  instrument  damage 


Performance  meets  military  spec.  MIL-B-13136 


um-iherm 


indusIriBS 


P.  O.  BOX  106 


TUCKAHOE,  NEW  JERSEY,  U.  S.  A. 


THE  EXPLOSIVES  ENGINEER  •  MARCH-APRIL,  1960 


Jj 


PRIMACORD  SPEEDS  PRECISION 
BLASTING  IN  NIAGARA  CONDUITS 


Balf-Savin-Winkelman  are  Pre-SplIttIng  Conduit  Excavation  Walls 
Prior  to  Drilling  and  Blasting  the  Conduit  “Cut” 


24",  a  full  stick  is  used.  Stemming  material 
is  placed  in  the  hole  so  that  the  Primacord 
and  each  cartridge  is  completely  surround¬ 
ed.  Thus,  each  charge  becomes  a  deckload 
primed  by  the  Primacord  downline. 

The  use  of  Primacord  has  provided  many 
advantages.  It  has  speeded  operations  in 
priming,  loading  and  hooking  up.  The  holes 
are  loaded  behind  the  drills  and  allowed  to 
stand  until  everything  is  ready,  without 
fear  of  premature  shooting.  This  is  because 
Primacord  must  be  detonated.  It  is  insensi¬ 
tive  to  ordinary  shock,  abrasion,  sparks  or 
stray  electric  currents.  And  it  is  a  matter 
of  record  that  several  years  ago  a  direct  hit 
by  lightning  failed  to  detonate  Primacord. 

Primacord  is  available  in  a  number  of 
standard  and  special  brands,  developed  to 
meet  varying  needs.  For  further  informa¬ 
tion,  consult  your  explosives  supplier  or 
write  us. 


Small  charges,  detonated  with  Primacord, 
are  pre-splitting  the  conduit  walls  of  Water¬ 
ways  Section  II  at  the  Niagara  Power  Pro¬ 
ject.  The  vertical  walls  are  split  before  the 
conduit  area  is  drilled  and  blasted.  This  has 
resulted  in  minimum  over-break  beyond  the 
neat  lines  and  has  saved  in  scaling  and  back¬ 
fill  costs. 

To  produce  a  splitting  action  in  the  solid 
rock,  2V2"  and  3"  holes  are  drilled  from  18" 
to  24"  apart.  Dynamite  cartridges,  114"  x 
8"  40%  Ammonia  Gelatin,  are  taped  at  pre¬ 
determined  intervals  onto  lengths  of  Rein¬ 
forced  Primacord.  The  charge  is  lowered 
as  a  unit  into  each  hole  so  that  the  length 
of  Primacord  extends  from  top  to  bottom 
—  12  to  50  feet.  In  those  cases  where  the 
spacing  between  the  holes  is  18",  one-half 
a  stick  of  114"  x  8"  powder  is  taped  to  the 
Primacord  on  12"  centers. 

Where  the  distance  between  the  holes  is 


Each  primed  hole  is  connected  with  a 
double  half  hitch  to  the  Primacord  main 
line. 


Dynamite  cartridges  are  taped  at  pre¬ 
determined  intervals  onto  the  Prima¬ 
cord  "down"  lines. 


The  Primacord  with  its  charges  is  low¬ 
ered  to  the  bottom  of  the  hole. 


Simsbury,  Connecticut  •  Since  1836 

Also  manufacturers  of  Safety  Fuse,  Quarrycord^,  Ignitacord^,  Pyrotechnic  Devices 
and  Accessories  for  Linear  Detonation  or  Ignition 


going  big? . 
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.  go  electric 

with  Bucyrus-Elrie! 


. . .  announcing  NEW  electric  control 
that  wipes  slate  clean  on  ”can’ts”  of 
old-style  machines! 

NEW  CONTROL  —  only  on  Bucyrus-Erie  elec¬ 
tric  excavators,  a  modern  control  that  sets  a  new 
standard  of  electric  operation  to  help  you  make 
every  assignment  more  profitable! 


GRADUAL  TURNS  can  be  made  on  hard 
quarry  floors  in  either  direction  without  forward- 
reverse  jockeying  so  often  damaging  to  crawlers. 

There  are  NO  OPERATING  CLUTCHES  with 
this  new  Bucyrus-Erie  control.  Each  function  has 
its  own  power  source.  Power  is  used  for  that  spe¬ 
cific  function  —  no  other.  You  get  full  power  up 
and  power  down  for  hoisting  and  lowering. 


SPECIFICALLY,  with  this  new  Bucyrus-Erie 
control  there’s  no  excessive  heat  loss,  even  in  stall 
conditions.  In  tough  dig- 
—  ging,  torque  is  increased, 

f  ^  speed  reduced  —  you 

_  .  move  on  through  the  dig- 


CROWD  MACHINERY  is  mounted  on  the 
revolving  frame,  not  on  the  boom.  Weight  works 
for  you  without  robbing  front-end  output.  Dig¬ 
ging  ranges  are  greater  than  other  electrics  or 
diesels  in  same  size  bracket! 

GET  THE  FACTS  on  this  new  modern  electric  control 
you’ll  find  only  in  Bucyrus-Erie  electric  excavators. 
Write  Bucyrus-Erie  Company,  South  Milwaukee,  Wis. 


uiod/  /(£Af)eiteJ/  tiouuie/ 
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IngensoU'Rand 


Drillmaster  Does  Double-Duty 
at  Anaconda’s  RAINBOWS  VEIN 


Th/s  one  heavy-duty  rig  is  used 
for  both  rotary  and  percussion  drilling 
in  varying  rock  formations 

To  drill  blast  holes  through  radically  changing  rock  formations  at 
the  Anaconda  Company’s  Rainbow  Vein  open  pit  zinc  mine  in 
Butte,  Montana,  the  F  fit  S  Contracting  Co.  has  had  to  use  both 
rotary  and  percussion  drilling.  And  both  jobs  are  being  done  to 
excellent  advantage  with  the  versatile  I-R  Drillmaster  shown 
above.  For  much  of  the  overburden,  roller-cone  rotary  bits  are  used. 
And  in  the  harder  layers  overlaying  the  deep,  narrow  Rainbow 
Vein,  which  contains  zinc  and  lead  sulphides  with  values  of  gold 
and  silver,  the  rotary  bits  are  replaced  with  an  I-R  Downhole  Drill 
for  percussion  drilling,  using  the  same  rotary  head  for  drill  rotation. 
Holes  are  drilled  42  ft  deep  with  6V4"  bits  on  15  to  18  ft  spacing 
and  loaded  with  fertilizer  grade  ammonium  nitrate  with  diesel  oil. 

If  you  want  top  drilling  speed  and  efficiency  in  any  kind  of 
ground,  check  the  cost-saving  advantages  of  the  versatile  I-R 
Drillmaster.  Ask  your  I-R  representative  for  com¬ 
plete  details. 

Ingensoll'Rand  i  ED 

72A5  ^  11  Broodway,  New  York  4,  N.Y.  I  I 

A  CONSTANT  STANDARD  OF  QUALITY  IN  ■ 

EVERYTHING  YOU  NEED  FOR  DRILLING  ROCK 


I 


I 


how  many  hours  per  week 
do  your  crawler  drill  rigs  just 


Here^S  one  way  to  get  more  productive  hours  from  the  dollars  you  tie  up  in  blast 
hole  equipment:  Switch  from  crawlers  to  work-and-run  truck-mounted  rigs  .  .  .  like  the 
Speedstar  30-AW. 

With  one  truck-mounted  30-AW,  you  can  handle  heavy-duty  blast-hole  drilling  at 
several  scattered  pits  ...  do  exploration  and  core  sampling  work  whenever  and  wher¬ 
ever  needed  .  .  .  make  extra  profits  handling  water-well  or  other  contract  drilling.  Yet, 
the  versatile  30-AW  compares  favorably  in  cost  with  crawler  rigs  of  comparable  pro¬ 
duction  capacity. 

To  investigate  the  possibilities  further,  send  coupon  for  new  Stardrill-Keystone  bulle¬ 
tin  on  truck-mounted  all-purpose  rotary  drill  rigs.  Mail  coupon  to: 

STARDRILL-KEYSTONE 

Buffalo-Springfield  Co.,  Springfield,  Ohio  ' 

(A  Division  of  Koehring  Co.) 

®  The  30-AW  is  a  combination 

oir-woter  rotary  .  .  .  han¬ 
dles  all  current  makes  of 
down-the-hole  guns,  larger 
companion  models  availa¬ 
ble  with  PTO  or  outboard 
.  .  .  plus  many  other  rotary 
and  cable  tool  models 


30-AW  Combination  Rotary  Gun  Drill 

CAPACITY:  Air-drilling  ...  up  to  SOO  feet  of  6  inch  hole,  100 
feet  of  814"  hole.  Fluid  drilling  ...  up  to  1000  feet  of  6"  hole. 


ENGINE:  Outboard  Model  6031 -C  GMC  Diesel 
6-cylinder  with  standard  accessories. 


ROTARY  TABLE:  Mechanical  drive  gives  you 
10  times  more  torque,  13%  faster  drilling 
speeds  than  hydraulic  types  ...  at  same  time, 
cuts  maintenance  costs. 


PULLDOWN:  Manual  control,  automatic  feed, 
chain  operated  with  4-speed  transmission, 
25,000  pound  pulldown. 


AIR  COMPRESSOR:  Two  stage,  6-cylinder,  500  cu.  ft.  @  100  lbs. 
completely  equipped  with  valves,  storage  tank  and  fittings. 


fA  Yes,  send  copy  of  rotary  drill 
£3  bulletin  to  .  .  . 


MUD  PUMP:  A  4  X  5  centrifugal  pump,  complete  with  companion 
flanges,  lubricator,  suction  and  discharge  hoses. 


DERRICK:  Round,  tubular  construction,  30,000  pound  working  ca¬ 
pacity,  accommodates  20'  kelly,  15'  drill  pipe. 


LEVELING  JACKS:  Hydraulic,  one  front,  two  rear.  Operated  from 
operator's  position. 
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ADDRESS  _ _ _  _ 

CITY  . . .  . 
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HERCOL-A  LOW-COST  EXPLOSIVE - 
NOW  AVAILABLE  IN  SMALL-DIAMETER 


Hie  Hercol  series  of  low-cost,  cap-sensitive,  hif'h-ammonia-content 
explosives  are  now  available  in  cartridges  of  small  diameters  and 
standard  lengths,  as  well  as  in  the  largerdiameters  and  special  packings. 

The  ability  of  Hercol  to  produce  excellent  fragmentation,  its  water 
resistance.  Class  1  fumes,  and  high  cartridge  count — plus  its  low 
cost — have  already  been  proved  to  the  economy-minded  quarry  and 
open-pit  operator. 

Now  that  Hercol  is  manufactured  in  the  smaller  diameters,  with 
Class  1  fumes,  these  same  economies  are  available  to  the  under¬ 
ground  operator. 

Contact  the  Hercules  sales  office  nearest  you  or  ask  your  Hercules 
representative  for  more  detailed  information  on  how  Hercol  can 
reduce  blasting  costs  for  you,  too. 


Properties  of  Hercol 


A  special  grade  of  Hercol  is  formulated  for  seismic  “pat¬ 
tern  shooting”  when  the  drill-lndes  are  relatively  dry. 


Explosives  Department 

HERCULES  POWDER  COMPANY 

wccBPOflATeo 

9()0  Market  Street,  If  ilmington,  Delaware 


XR60-1 
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